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This report presents the results of an engineering 
evaluation of rock-fractures and other structural discon­
tinuities in and around the Office of Nuclear Waste Iso­
lation (ONWI) test site at the Colorado School of Mines 
(CSM) Experimental Mine near Idaho Springs, Colorado. The 
objectives of this investigation were to:
a. evaluate existing methods of Collection, 
analysis and presentation of fracture data ;
b. evaluate the geometric continuity and physi­
cal characteristics of the fractures exposed 
at the ONWI test site;
c. attempt to construct a statistical predictive 
model of the geometric continuity of these 
fractures ; and
d. provide information on the structural feat­
ures of the site to assist other investiga­
tors' working at the CSM-ONWI test site.
To achieve these objectives, a total of 3,677 fractures 
were examined, mapped, and described from locations in and 
around the ONWI Room. These consisted of 787 large frac­
tures, displaying a trace length of one meter or more, that 
were examined in three parallel drifts; the ONWI Room and 
the two adjacent drifts, Miami Tunnel and A-Left Spur. An
i i i
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additional 2,890 smaller fractures, displaying trace lengths 
of ten centimeters or more, were examined from along the 
walls and 13 mining faces exposed during construction of the 
ONWI Room.
For each of these fractures, 10 variables were defined 
and characterized using standard geologic techniques. These
variables include fracture location, strike and dip, frac­
ture type, fracture geometry and surface roughness, apera- 
ture, fracture length, filling and / or alteration, and 
fracture spacing. These data are then numerically coded, 
entered onto computer records, verified and corrected.
# The computerized data bases of fracture properties were
then evaluated using standard structural geology and engi­
neering statistics techniques. Six computer programs were 
used to assist in this data analysis task. These included 
three published programs that performed cluster analysis of 
the orientation data and generation of various stereonet 
plots. These three published computer programs were aug­
mented with three programs written specifically for this 
project. These included a data conversion and format mani­
pulation routine, a package of statistical subroutines for 
evaluating fracture orientations, and a statistical package 
f* for evaluating the physical properties of the fractures.
Based on this analysis, it appears that the rock mass
iv
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around the CSM-ONWI test site is dominated by three main 
fracture sets ; a foliation fracture set oriented parallel or 
subparallel to the gneissic banding, a maior oblique set and 
a minor oblique set which are oriented in a transverse 
relation to the gne is s ic banding. Average orientation 
values for these three sets differed significantly between 
the three parallel drifts and between the estimates obtained 
from each of the four data bases obtained from the ONWI Room 
(ONWI Room-large scale, Northeast Wall, Southwest Wall, and 
Mining Faces). Although some of the differences in the 
average orientation values may be due to spatial variations, 
it appears that the clustering process itself also contri­
butes to the observed variations. This component of varia­
tion results from the way in which subsets, minor joint 
sets, and random fractures are handled during the clustering 
process.
.* Although an attempt was made to characterize the
spatial variation of the differences in average orientations 
of the fracture sets, the complexity of the geologic struc­
ture in this area and the variations due to the clustering 
process tended to severely restrict this effort. As such, 
predictive models were limited to simple mean orientations 
and confidence intervals. Recommendations are made for 
improving the data collection and data analysis tasks and
v
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for improving the overall character izat ion of fracture 
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From July through October 1979, a geotechnical test 
facility was constructed at the Colorado School of Mines 
Experimental Mine, under the sponsorship of the Office of 
Nuclear Waste Isolation (ONWI) of the Department of Energy. 
This facility was established to develop site evaluation 
procedures, excavation techniques, and instrumentation 
requirements for the siting, construction, and monitor ing of 
nuclear waste repositories (Hustrulid,1979). Under the 
supervision of Dr. William Hustrulid of the CSM Mining 
Department, work on these problems has been subdivided into 
various programs including thermomechanical testing, assess­
ment of excavation technology, blast damage assessment, 
mechanical characterization of the rock mass, continuity of 
site geology, and fracture permeability. This report 
reflects work that was done on the continuity of the site 
geology.
1.1 Purpose and Objectives.
Because of the great influence of permeability, parti­
cularly that due to structural discontinuities (faults, 
joints, bedding), fractures induced or aggravated by blast­
ing, or other openings, has on the selection of high level 
nuclear waste sites, it is of great importance to have
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methods for (a) identifying and categorizing these features 
and (b) predicting the extent and continuity of these 
features.
In the past, much of the data related to orientation 
features have been handled in a descriptive or qualitative 
manner employing graphical techniques. Rarely were limits 
of accuracy or measures of variability specified. The 
problems of nuclear waste disposal require data of a more 
* quantitative nature. Statistically significant measures of 
geologic-structural parameters would allow for :
1. Use of the data by a variety of workers with 
dissimilar backgrounds ;
2. Use of a probabilistic approach for engi­
neering design of storage repositories; and
3. Direct input of the data into risk-assessment 
stud ies.
The purpose of this project was to determine the avail­
ability of methods for quantifying and modeling geologic 
parameters related to structural discontinuities and to 
evaluate the precision of techniques of describing and 
analyzing these parameters. Thus, the main objectives of 
this task were to (a) evaluate existing methods of collec­
tion, analysis, and presentation of fracture data ; (b) to
evaluate the geometric continuity and physical character-
ER-2453 3
istics of fractures exposed in the ONWI test site ; (c) to
attempt to construct a statistical, predictive model of the 
geometric continuity of these fractures, develop techniques 
for collecting, expressing, and manipulating the structural 
data input into these models, and provide input on the data 
and techniques required by ONWI for evaluating potential 
repository sites; and (d) to provide information on struc­
tural features at the site to assist other investigators in 
evaluation of their data and in examining correlations 
between structural features and the phvsical characteristics 
^4 of the rock mass at the site.
1.2 Location.
The Colorado School of Mines' Experimental Mine is 
located 1/4 mile north of the town of Idaho Springs, in 
Clear Creek County, approximately 30 miles west of Denver, 
Colorado (Figure 1-1). The Miami portal is located in Dry 
Gulch at an elevation 2,397 meters (7,863 ft.) above sea 
level. In late summer of 1979, a 3x5x33 meter room was 
excavated with smooth wall blasting techniques to provide a 
testing facility for use by ONWI and its clients. This 
room, hereafter referred to as the CSM-ONWI test site, was 
driven parallel to, and midway between, the Miami Tunnel and 
A-Left Spur (Figure 1-2), approximately 90 meters below the
ER-2453 4
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FIGURE 1-2: Location of the CSM-ONWI Test Site and the Study
Area within the CSM Experimental Mine
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ground surface. All three of these drifts are aligned 
approximately perpendicular to the strike of the met amorphic 
foliation of the area.
1.3 Scope of the Investigation.
The emphasis of this work was primarily concerned with 
characterizing the structural discontinuities present in the 
40x60 meter rock mass bounded by Miami Tunnel and A-Left 
Spur and extending 40 meters from A-Left drift. Contempo­
raneous with this proiect, several other projects were 
conducted with the aim of evaluating the mechanical pro­
perties of the rock mass, investigating fracture hydrology, 
and assessing blast damage.
In order to provide data meaningful to these projects 
and also to completely evaluate the structural disconti­
nuities, the following ten parameters were described for 
each discontinuity: location, strike, dip, type of dis­
continuity, overall geometry, surface roughness, aperature 
length, termination, filling, and spacing. Detailed study 
was concentrated on the area immediately surrounding the 
experimental room, where other investigators have concen­
trated their efforts. Although data from these studies was 
available, logging of drill core and borescope examination 
of drill holes were supervised by other investigators.
ER-2453 7
Thus, all data contained in this report was derived from 
examination of available in the ONWI Room and the two adja­
cent drifts, A-Left Spur and Miami Tunnel (Figure 1-2). A 
total of 3,67 5 fractures were identified and evaluated as 
[part of this study. In addition, several oriented samples 
were collected to allow for detailed pétrographie descrip­
tion of the lithologies, cursory examination of microfrac­
tures and fabric elements, and mechanical testing of the 
an isotropy of the rock.
1.4 Previous Work.
The geology of the CSM experimental mine was previously 
mapped at a scale of 1:240 (1 inch - 20 ft.) by Van Huff el 
(19 75) . Hutchinson (1980) summarized the geological and 
structural setting of the study area as part of the ONWI 
project at the mine. Moench (1964) and Sims (1960) studied 
the geology of the Idaho Springs area. Harrison and Moench 
(1961) examined the regional distribution of jointing in the 
Precambr ian rocks of the Idaho Spr ings-Central City area. 
Moench, Harrison, and Sims (1962) studied the folding in the 
Idaho Springs-Central City area. Lover ing and Goddard 
(1950) examined the mineral deposits of the Front Range. 
Hutchinson and others (1976) and Moench and Drake (1966) 
evaluated the ore deposits of the Idaho Springs area. Other
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detailed studies of fracture geometry at nuclear waste test 
sites have been described by Olkiewiz et al. (1979), Thorpe 
(1 979), Witherspoon et al. (1 979), and Hueze (1981) .
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2. GEOLOGIC SETTING OF THE ONWI SITE
2.1 Regional Geology
The CSM-ONWI test site is located in the Idaho Springs 
mining district in the central part of the Front Range of 
Colorado. The Front Range is composed predominantly of 
gneiss ic rocks which have been intruded by at least three 
varieties of Precambr ian plutonic rocks (Moench, 1964). The 
crystalline core of the Front Range is bordered by steeply 
dipping Paleozoic and Mesozoic rocks and gently dipping 
Tertiary rocks. The Idaho Springs mining district is part 
of the Colorado Mineral Belt (Figure 2-1); a northeast 
trending zone of Laramide age intrusive rocks and hydro- 
thermal ore deposits.
2.1.1 Regional Distribution of Lithologies.
The Precambrian bedrock of the Idaho Springs area 
consists of gneissic, granitic and pegmatitic rocks Figure
2-2). There are three main types of gneissic rocks in this 
area; biotite gneiss, granite gneiss and pegmatite, and 
microcline gneiss. These are found in five generally con­
formable northeast trending layers which outline the struc­
ture of the district (Moench, 1964). Massive to moderately 
foliated, biotite gneiss (the Idaho Springs formation of 
Lovering and Goddard, 1950, and Ball, 1906) is the most
ER-2453 10
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Figure 2-2. Generalized Regional Geology at the CSM-ONWI Test Site - Idaho Springs Area (after Moench & Drake , 1966a)
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abundant rock type of the area. Sims (1960) recognized two
varieties of biotite gneiss; biotite-auartz-plagioclase
gneiss and sillmanitic biotite-quartz gneiss. Granite 
gneiss and pegmatite are found in generally conformable
layers throughout the district. Granite gneiss and biotite
gneiss are inter layer ed and gradational to each other, 
grading from biotite gneiss to migmatite or injection gneiss 
to granite gneiss. They can be separated only on the basis 
of the relative abundance of each type (Moench, 1964). The 
third variety of gneissic rock, microcline-quartz- 
plagioclase-biotite gneiss (the quartz monzonite gneiss of 
Lover ing and Goddard, 1950), differs from the biotite gneiss 
only by the presence of microcline. It contains many con­
formable layers of granite gneiss and biotite gneiss; how­
ever, the contacts between the microcline gneiss and other 
units are generally sharp (Moench, 1964). Several other 
varieties of gneissic rocks have been recognized as minor 
constituents in the Idaho Springs district (Moench, 1964).
Most of the gneissic rocks, with the possible exception 
of the granite gneiss, are thought to represent a sequence 
of deformed and recrystallized clastic sedimentary rocks 
(Hutchinson, et al., 1965; Moench, 1964; Boos, 1960). The 
granite gneiss is thought to possibly represent a metaso- 
matic replacement of the biotite gneiss (Moench, 1964). All
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of the gneissic rocks have been invaded by three varieties 
of Precambrian intrusive rocks, granodiorite, quartz- 
diorite, and biotite muscovite granite (Moench, 1964). The 
Precambrian rocks were subsequently intruded by a series of 
small plutons and dikes of Tertiary age (Wells, 1960) . None 
of these intrusive rocks are present in large volumes in the 
area around the CSM mine (Figure 2-2).
2.1.2 Regional Structures.
The gneissic rocks of the Idaho Springs area were de­
formed at least twice during Precambrian time (Hutchinson, 
1980 ; Moench and Drake, 1966; Moench, 1964, 1958 ; Moench,
et al., 1962, Sims, 1960). The older of these deformations 
was dominantly plastic in nature and produced a series of 
north-northeast trending broad open folds that outline the 
structural framework of the district (Figure 2-2). The 
younger Precambrian deformation was dominantly cat aclast ic 
in nature and was most prevalent in a 3 kilometer wide 
northeast trending zone near the town of Idaho Springs 
(Figure 2-2). This deformation super imposed a series of 
tight northeast trending folds and associated shear zones on 
the older Precambrian structure. This cataclastic zone is 
collectively known as the Idaho Spr ings-Ralston Shear Zone 
(Tweto and Sims, 1960). These two structural events com­
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bined to form the dominant fabric of the Idaho Springs 
distr ict.
Later during the Precambrian, the gneissic rocks were 
cut by a series of northwest trending faults (Tweto and 
Sims, 1963). These faults (the "breccia reefs" of Lover ing 
and Goddard, 1950) are generally unmineralized and have a
complex history of movement including left lateral strike- 
slip displacement during the Precambrian and later dip-slip 
and oblique displacement during early Tertiarv Laramide 
tectonism (Tweto and Sims, 1963). Later during the Laramide 
Orogeny, a series of anastomosing, closely spaced, east- 
northeast and northeast trending faults (Moench and Drake, 
1966, Figure 2-3) were formed by a shearing stress resulting 
from east-northeast compression related to the uplift of the 
Front Range (Lover ing and Goddard, 1950, Figure 21; Warner, 
1956). These faults are generally mineralized, especially 
near their intersections with the older northwest trending 
faults (Lovering and Goddard, 1950).
2.1.3 Tectonic History.
The tectonic history of the Front Range has been dis­
cussed by numerous authors (Hutchinson, 1980, 1976);
Hutchinson and Hedge, 1968 ; Badgley, 1960 ; Warner, 1956).
Hutchinson (1980), identified seven separate tectonic events
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which may have affected the rock mass at the CSM-ONWI site 
(Table 2-1). The first, third, and sixth of these seven 
events resulted in recognizable structural features exposed 
at the ONWI test site (Hutchinson, 1980). These can be 
summarized as follows :
o Boulder Creek Orogeny (Hutchinson and Hedge,
1967) which resulted in high grade metamor­
phism, broad northeast trending folds, and 
injection of granite gneiss within the bio­
tite gneisses : 
o Younger unnamed Precambrian deformation which 
super imposed a northeast trending system of
shear zones and tight folds ; 
o Late Cretaceous-Early Tertiary Laramide
deformation, related to uplift of the Front
Range, which resulted in additional movement 
along the Precambrian faults and formation of 
a younger set of faults super imposed on the 
Precambrian structures.
2.2 Geology of the CSM-ONWI Test Site Area
2.2.1 Lithology.
There are three rock types exposed in the area around 
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nance, quartz-b iot ite gneiss, pegmatite, and microcline 
gneiss. The petrography of these rocks and their associated 
variations in the Idaho Springs district have been described 
in detail by Moench (1964).
2.2.1.1 Quartz-Biotite Gneiss
The predominant rock type at the CSM-ONWI test site is 
a heterogeneous, irregularly textured, contorted, medium to 
dark gray quartz biotite gneiss. The rock is a "banded 
gneiss" (Spry, 1969) consisting of megascopic bands composed 
of alternating granoblast ic, fels ic layers of quartz and 
feldspar, and schistose, mafic layers of biotite, quartz, 
and feldspar. These layers, resulting from either original 
heterogeneities in the rock or from metamorphic segregation, 
range from one centimeter up to several meters in thickness. 
In places, the fels ic layers form irregular layers and 
lenses, yielding an augen texture to the rock mass.
The rock is moderately foliated to massive. Gneissic 
foliation consists of irregular to sub-parallel minéralogie 
layering composed of light colored quartz-feldspar layers 
and gray to dark colored layers containing biotite along 
with quartz and minor feldspar. In places this metamorph ic 
banding is poorly developed resulting in a streaky foliation 
indicative of extensive recrystallization. The rock posses-
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ses a poorly developed schistosity parallel to the gneisssic 
banding. The poorly developed nature of the schistosity is 
due to the high concentration of quartz and feldspar in the 
darker biotite layers. This results in a greater resistance 
to parting, and gives the rock a more massive character than 
would be expected.
2.2.1.2 Pegmatite Granite Gneiss.
Light colored, white to yellowish-greenish white, 
pegmatite (the granite gneiss of Moench, 1964) occurs as 
irregular layers, lenticular bodies, and contorted amorphous 
masses intimately inter layered, and gradational with the 
quartz biotite gneiss. They are generally concordant, but 
locally discordant with the gneissic foliation of the 
quartz-biotite gneiss. The presence of conformable layers 
and lenses of pegmatite emphasizes the layered appearance of 
the rock mass. In places, the two are so thoroughly inter­
mixed that the resulting rock mass would be classified as a 
migmatite. This is the case at the rear of the ONWI Room 
where the heated block test was located. This 2x2x2 meter 
block, part of a thermo-mechanical test (Voegele, et al., 
1981), is composed of approximately equal portions of 
quartz-biotite gneiss and pegmatite.
The pegmat it ic rocks display no visible metamorph ic
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banding or mineral segregation; however, a weak foliation, 
defined by streaky inclusions, layers of varying grain size, 
and sub-parallel ism of elongate quartz and feldspar, is 
present. The rock is extremely brittle and intensely frac­
tured and granulated ; however, the fractures are poorly 
organized and of extremely low persistence f<10cm) yielding 
an overall massive appearance to these bodies.
2.2.2 Geologic Structure of the Test Site Area.
The CSM Experimental Mine is located in the southeast 
corner of the structural block defined by the Idaho Springs 
anticline on the southeast and the Pewawbic Mountain syn- 
cline on the northeast, both of Precambrian age. The south­
west and northeast boundaries of this block are formed by 
the Laramide age Idaho Springs and Black Hawk Faults respec­
tively. Rock units and foliation surfaces within this 
structural block generally strike northeasterly and dip 
moderately to steeply northwest except where modified by 
smaller scale folding and shearing associated with the 
younger Precambrian deformation. This younger deformation 
was most prevalent within the Idaho Spr ings-Raiston Shear 
Zone (Tweto and Sims, 1960) within which the CSM Mine is 
situated.
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2.2.2.1 Precambr ian Deformation.
As mentioned earlier, two manor episodes of Pre­
cambrian deformation have been recognized in the Idaho 
Springs area, an older, deep-seated plastic deformation and 
a younger, shallower, cataclastic deformation (Moench, 1964 ; 
Moench, et al., 1962). The two deformations are predomi­
nantly responsible for the geologic structures observed at 
the CSM-ONWI Test Site. The older deformation was prevalent 
throughout the Idaho Springs-Central City area, and was 
dominated by plastic folding resulting in a series of broad 
open folds. The younger deformation was confined to a 3 
kilometer wide, northeast trending zone along the southeast 
margin of the area near the town of Idaho Springs (Figure 
2-2). This deformation was dominated by cataclasis, minor 
folding, and weak local recrystallization and resulted in 
superposition of small terrace and monoclinal folds and 
chevron structures on the larger, older folds (Moench, 
1964). The geometry of the structural features resulting 
from these two super imposed deformations has been discussed 
by Moench (1964), and Moench, et al. (1962).
2.2.2.2 Folds .
The CSM Experimental Mine is located along the north­
west flank of the Idaho Springs anticline, which has been
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referred to as
"the dominating structure in the southeast part of 
the <Idaho Spr ings> district and appears to mark 
the boundary between contrasting structural trends 
in a large part of the Front Range" (Moench, 1964, 
p .A-45).
This fold is characterized as open, upright, and asymmetric, 
trending sinuously N30E and plunging approximately 30° 
(Moench, 1964) . To the northwest of this fold, rock units
strike northeasterly and dip steeply to the northwest. To 
the southeast, rock units strike northwest and dip moderate­
ly to the north and northeast (Moench, 1964). This fold is 
associated with the earliest tectonic event to affect the 
area, the Precambrian Boulder Creek Orogeny (Hutchinson, 
1980) .
Super imposed on the Idaho Springs anticline are the 
smaller scale folds associated with the younger Precambrian 
deformation. These folds are extremely common throughout 
the CSM Mine. These folds axes consistently trend N55E. 
They are characterized by slight monoclinal bends in other­
wise uniformly dipping layers, to complex structural 
terraces and closed and overturned chevron folds (Plate 2). 
These folds tend to be sharp crested with subparallel axial 
planes which dip steeply to the southeast . All of the folds 
are asymmetric with steep, generally long northwest limbs 
and short, crumpled southeast limbs.
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Two of these folds were exposed in the walls of the 
CSM-ONWI Test Site (Plates 1 and 2). The first is exposed 
on both walls just inside the ONWI room (see northwest ends 
of the two sections depicted on Plate 2). The surface of 
this fold, its shape, and axial plane were readily definable 
by the gneissic banding of the wall rocks. The second fold 
is exposed in the walls at the southeast end of the ONWI 
room, approximately 5 meters from the back wall of the room. 
The gneissic foliation which is so pronounced throughout the 
room has been severely disrupted in this area. The rock is 
dominated by pegmatite and fine grained quartz-biot ite 
gneiss with only obscure traces of metamorph ic banding. The 
lenses and irregular bodies of pegmatite and fine-grained 
quartz-biotite gneiss exposed in this area, display steep 
southeast to vertical dips. The foliation surfaces exposed 
in the northeast wall in this area display a preponderance 
of southeasterly dips. The southwest wall is dominated by a 
large pegmat it ic body and several large fine grained quartz- 
biotite gneiss lenses.
2.2.2.3 bineat ions.
Associated with both the older and younger Precambrian 
folds are a series of lineat ions. Sims (1960) has summariz­
ed the nature of the lineat ions present in the Central City-
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Idaho Springs area (Table 2-2) . The most dominant linea- 
tions are those oriented parallel to the fold axes of the 
younger folds (referred to as lineations). These linea- 
tions were characterized by small folds and crinkles (Plate 
2), which represent smaller scale versions of the larger 
folds. A total of 52 of these 1ineation axes were examined 
throughout the area of this investigation. They displayed 
an average trend of N59E with a highly variable plunge 
averaging approximately 12° (Table 2-3). Two distinct 
subgroups could be defined within this population. The 
first trends N60E with a 33° plunge. The second trends S55W 
with a 41° plunge. These two subgroups originate from the 
variable position of the lineat ions on the limbs of the 
larger scale folds. Lineations with southwest trends and
plunges were found predominantly on the shorter, south­
easterly dipping limbs of the larger folds.
The next most dominant lineations are oriented parallel 
to the axes of the large, older folds, such as the Idaho
Springs anticline (referred to as bQ lineations). These 
lineations were most dominantly expressed by small mono­
cl inal , terrace, and chevron fold axes. The twelve such 
lineations located within the test area displayed an average 
trend of N37E with a 33° plunge (Table 2-3) .





































z-s  <D to& T3 T3
i n  « h  r - 1 u
cm to o  cC  B  C tXD tn r-l (U
o  (U CU C to B
•H A! (0 *H rH »_i C
4 J  >  U  *h  x >  i— I <U hC
to <c *h  p  x j  to c  "-i
B  t— ! 4-J O  6  *'-1 r — l






O  ^  CO>H w xm h <v J-i
m o  oc c
2  Pu to rH  o
W  p  to E
rH  «H f-l c
>  I—I x  <U txC
0Q  CO 3  C  * h
B  O  *r-l 1— I
CO CO 2  to
<r-x CO
O  rH  QJ 4J
<£> O  txC C
C  2  Ch  to rH  0)O ^  C to B
•H  rH  *H P C
4J O  r-H X  QJ txO
t0 <  t0 3 C "r4
E  E  O  *H  rHu co co 2  too
<4-1
QJ X-NQ OVOp On
QJ rH
X  x- z
rH  z- n
O  W  to too x  B
CO rH  JJ *rH
2  0  C  CO
W  Ip  rH  QJ
to E  M
O  r-H M C  QJ
CC rH  QJ bC 4J
to G *r< Ip
B  2  rH <











































































x—< x—X x—s CL C O
CN CN o o  o 4—1
in < t rH O •1—1 rr
to O -u bD TO
** •v O J-J co C c
vO VO O p  S ,r4 o
CO CN rH O T—1 f-l 60 ux-x v-y CO QJ O C QJ
E  rH U-l D to
rH  QJ rH
r  CO TJ CL
U U •u
O CO f-l £ QJ
•r-j CL QJ 4J f-i
CO TJ 3 3
B  -u H  o to
3  O to CO
O rO QJ
4J U TO e
to O C
r_| .H  14-1 CO e»
QJ X QJ
H  co to b0 3
rH  'H  C rH
CO TJ *H CO
f-i i—I ObJD >
w w 55 CO O C
ON o in CL H  -  3 QJ
in vO in QJ rH 60
% CO to u  b i CL c
•i—i «r-i co 3
CL J3 rH
rO o  O H a
U —< t-i
*- to c  o U-l
c  o  o  c O
O u  4-1
•H U u  o H
4-1 CO QJ 4J QJ
u  E  -u
QJ f-l e
f-l O O QJ 3
•H 4-> 4J M-J c
TO QJ
rH  f-l f-i QJ
O CO QJ •C
CN rH •H B  14-1 CN 4J
rH < t C f-l QJ
O O t-i T? o  •
4-1 C C 4-J to
U to co QJ
QJ to 4-) to 3
4J *H Ou i—1 U H
•H QJ CO
O co t-i •> U - >
4-1 O H QJ
QJ to QJ f-i TJ
to H  60 C
f-l «H 3  c  • f-i QJ
QJ Æ  TO 3  to QJ f-i
U-i 5  O H rO 4-J
QJ -  >x QJ 6
H to C > 3  U-i
•H O f-l *H C O
f-l X  *H O 4-J
i—t CN QJ CO 4-J U-l U 4-J f-l
Po 4-1 CO QJ to QJ
rO rO 4J T3 *H «  CL M rO
QJ rH rH *i—1 to •H E
H O C  QJ (H 3
rH 14J U-l >H CN C
ER-2453 26
Miami Tunnel (Plate 4). This axis, the aQ axis, that is 
linear elements oriented perpendicular to the older fold 
axes, was again character ized by small scale chevron type 
folds. The two such features that were examined, displayed 
an average trend of S68E with a 55° plunge.
The fourth 1ineat ion axis that Sims (1960) observed in 
the Central City-Idaho Springs area, that is the a^ axis 
composed of linear elements oriented perpendicular to the 
younger fold axes, was not observed within the study area. 
This may be due to the fact that this lineat ion is expressed 
predominantly as slickens ide striae and rodding structure 
which are not as readily observable as the small scale folds 
which dominate the other three types of lineat ion. Alter­
natively, these lineations were not observed due to the 
limited number of exposures oriented perpendicular to their 
axes, that were available for inspection. The smooth wall 
blasting technique used to excavate the ONWI room tended to 
minimize these exposures. Thus, the only regular exposures 
in which these structures would be expected were the mining 
faces of the ONWI room. These faces did not receive the 
same degree of cleaning as the walls of the roomm, which may 
have acted to further obscure these structures.
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2.3 Faults
A series of closely spaced east-northeast striking 
faults of Laramide age cut through the CSM Mine. These
faults dip steeply and appear to be subparallel to the
layering in the rocks. Individual faults display a complex 
anastomosing appearance resulting from interweaving of
multiple individual shear zones. All of the faults are 
mineralized with both sulfide and gangue minerals. The four 
main drifts that make up the CSM Mine (Figure 1-2, page 6) 
all follow one of these faults. Numerous smaller faults and 
shears, also striking northeast to east-northeast, cut 
through the rock masses between these larger faults. This 
entire complex network of faults and shears is part of the 
Idaho Spr ings-Ralston Shear Zone that dominates the struc­
ture of this area.
In the vicinity of the ONWI Room two main faults pre­
dominate. The first is the fault along which the A-Left
drift (Figure 1-2) was excavated. This is a large 2 meter 
wide zone of anastomosing shears, fault gouge, brecc iat ion 
and mineralization that is conformable with the general 
foliation of the surrounding bedrock. This fault was the 
northern limit of the area of this investigation. The 
second fault is a sinuous shear that cuts across the ONWI 
Room (Plates 1 and 2). This fault displays tremendous
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variability across the ONWI Room. Along the northeast wall 
the upper portion consists of an approximately 20-40 centi­
meter wide zone of brecciated rock with associated sulfide 
mineralization and 1imonitic alteration. Tracing this shear 
across the roof of the ONWI Room it can be seen to narrow 
significantly and split into two separate shears (Plate 1) 
which can then be traced down the southwest wall.
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3.0 PROCEDURES USED FOR COLLECTING AND ANALYZING DATA ON 
STRUCTURAL DISCONTINUITIES
3.1 Introduction - Summary of Procedures
For the purposes of this investigation, structural 
discontinuities are defined similarly to Goodman (1976) as 
"planar surfaces of potential or real weakness". These 
include systematic fractures, irregular fractures, minerali­
zed veins, shear zones and other planes of actual or poten- 
* tial weakness. The primary emphasis of this investigation 
was to define and evaluate these features and if possible,
; * to develop a predictive model of these features. Other 
workers (Hustrulid, et al., 1981) were evaluating the sta­
bility of the underground opening, in-situ stress, and 
permeability.
 ̂ Due to the size of the test area, size of the exposures
and the need to obtain a large body of data for statistical 
analysis, this investigation was limited primarily to meso­
scopic features ; that is features that can be effectively 
studied in three dimensions by direct observation (Turner 
and Weiss, 1963, p.15). This is in contrast to microscopic 
and submicroscopic features which can be examined only with 
the aid of a microscope or other device, and macroscopic 
features which are too large or too poorly exposed to be 
examined directly in their entirety.
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4 3.2 Data Collection Procedures
Individual fractures and other structural discontinui­
ties were first visually identified in the exposures of the
ONWI Room, Miami Tunnel, and A-Left Spur. Each feature was
then mapped using standard geologic mapping techniques 
(Compton, 1962 ; Lahee, 1961) as described below. Each frac­
ture was then given an identification number which was re­
corded on the field maps and in the field notebook. The 
engineering properties of each fracture : orientation, per­
sistence and frequency, and physical characteristics, were 
then evaluated and recorded in the field notebook.
3.2.1 Geologic Mapping
The geologic mapping of the ONWI Room (Plate 1) and the 
two parallel drifts, Miami Tunnel and A-Left Spur (Plates 4 
and 5) was limited to structural discontinuities and geo­
logic features on the order of 1 meter or more in length. 
For practical purposes a lower bound of 90 centimeters was 
used in some cases. More detailed mapping was conducted on 
the 13 mining faces (Plate 3) and the walls on the ONWI Room 
(Plate 2). This mapping consisted of all features on the 
order of 10 centimeters or more in length. Both types of 
mapping were conducted at a scale of 4 centimeters to the 
meter (1:25) on base maps prepared during mapping on 5x5 to
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the centimeter graph paper.
For the mapping of large scale features in the three
parallel drifts, a horizontal planar projection, at waist
height, approximately 110 centimeters above the floor, was 
used during mapping. A baseline referenced to known survey 
locations was established along the centerline of the floor 
of each drift. All features, edges of the drifts, struc­
tural and geologic features, other survey markers, etc.,
were referenced by an X, Y coordinate systems along and 
perpendicular to this baseline. All features were measured 
to an accuracy of 1 centimeter. Features or portions of 
features which did not intersect the 110 centimeter waist
height plane were projected downdip, or updip as necessary, 
along the plane of the feature until they intersected the 
horizontal plane. A pair of lightweight wood planks, each 
approximately 5 centimeters wide, were utilized to assist 
with these projections. The first was cut 110 centimeters 
long to assist with accurately locating the reference plane. 
The second was approximately 240 centimeters long and was 
placed along the surface of the structural feature being 
examined and extended downdip to the shorter stick. One or 
more points were measured in this manner for each feature 
examined to assist in accurate location.
The mining faces and walls of the ONWI Room were
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examined using a vertical prelection. All features 10 
centimeters or more in length were mapped and described. 
The actual trace of each fracture was mapped onto the verti­
cal projection. A wooden frame 240 centimeters wide and 240 
centimeters high, marked in 1 centimeter increments, was 
used to establish an X, Y reference plane to accurately 
locate each feature. Occasionally, due to the uneveness of 
the walls and faces, the trace of a feature would have to be 
projected horizontally 5 to 25 centimeters out to the verti­
cal plane. All features were measured to within 1 centi­
meter and located on base maps prepared during mapping.
* 3.2.2 Description of Engineering Properties
Once the structural features were accurately located 
and plotted on the base maps, each one was numbered and 
described in a field notebook. Variables described for 
the fractures are tabulated on Table 3-1. Along with the 
location coordinates and the identification number, three 
main classes of engineering properties were described for 
each feature ; orientation parameters, persistence and 
frequency, and physical characteristics. These were de­
scribed using published techniques (ISRM 1978 ; Hoek & Bray, 
1979 ; Goodman, 1976 ; Piteau, 1973, 1972 and 1970. CSM Basic 
4* Eng. Dept., 1967 ; Call et al., 1966, and Badgley, 1962).
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Table 3-1. Data Obtained for Rock Fractures 




















The strike and dip of individual fractures was deter­
mined using a pocket transit and clinometer according to 
standard procedures described bv various authors (ISRM, 
1978, and Compton, 1962, pp.28-34). Uniform fractures were 
described with a single set of strike and dip observations. 
Non-uniform fractures were described by taking several 
strike and dip observations and determining the average 
values. Measurement of the orientation of hard to access 
fractures was done by utilizing one of several small, vari­
ous sized flat boards to assist in projecting the average 
surface. Once the board was aligned with the fracture 
surface, the measurement was obtained on the board.
Fracture type was determined according to the geometric 
scheme outlined by Billings (1972, pp.145-146, Figure 7-4). 
Foliation fractures were defined as those fractures parallel 
to sub-parallel to the local gneissic banding. Strike 
fractures were defined as those fractures with a strike 
parallel to that of the gneissosity, but which dip in a 
different direction. Dip fractures are those fractures that 
strike parallel to the dip direction of the foliation and 
gneissic banding. Oblique fractures were those fractures 
which displayed no direct relation to the orientation of the 
foliation.
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3.2.2.2 Persistence and Frequency Parameters
There are three variables that describe the persistence 
and frequency of a fracture set ; length, termination and 
spacing. Fracture lengths were obtained by measuring the 
maximum observed trace length or the maximum diagonal of an 
exposed fracture plane directly in centimeters with a stan­
dard tape measure. Fracture terminations were determined 
directly by observation. Terminations were described (for 
both ends of a fracture where exposed) as terminating in 
rock (Tr), terminating against other fractures (T ) , extend­
ing beyond the lengths of the exposure without termination 
(Tx) , or terminating in or against a blast hole (Tg^). 
Fracture spacings were obtained by measuring in centimeters 
the normal distances between two parallel or subparallel 
fracture planes with a tape measure.
3.2.2.3 Physical Characteristic Parameters
Four additional physical characteristics of each frac­
ture were defined primarily by visual inspection. These 
included the overall geometry, the roughness of the sur­
faces, the aperature, and the type of filling or surface 
alteration of each of the fractures examined. Fracture 
geometries were determined hy examining the entire trace or 
plane of each fracture and classifying it as planar, wavy,
ER-2453 36
curved, irregular or a combination of these. The surface of 
each fracture was examined both visually and through touch 
and classified as rough, smooth, or a combination of the 
two. Whereas fracture geometry corresponds with the maior 
undulations, or first order roughness of Patton (1966), that 
cause dilation of the rock facture during shear displace­
ment, fracture roughness corresponds with the uneveness of 
the fracture surfaces, or second order roughness of Patton 
(1966) that tends to be damaged during shear displacement. 
The aperature of each fracture was determined by taking sev­
eral measurements in millimeters (mm) with a "spark plug 
type" gauge. Generally, the observed aperatures were 
smaller than the 0.01 mm lower limit of this device. Final­
ly, fracture fillings and surface alteration were defined 
with the aid of hand lens.
3.3 Computerized Data Base Development
A total of 3,677 fractures were examined with the above 
described procedures. With an identification number and 11 
variables (Table 3-1) described per feature, a data base of 
over 44,000 observations had to be manipulated during 
analysis. A computerized data base management system was 
developed to maintain a permanent record of the data. This 
data base was used to develop the input files for the
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various computer programs used during analysis. The pro­
cedure for converting raw field data into coded computer 
files consisted of
1. making photocopies of all field data sheets,
2. numerically coding all of the field data
according to a prescribed code (Table 3-2) 
with red pen on the photocopies,
3. entering the coded information into computer 
files,
4. proof-reading the coded computer files 
against the original field data sheets,
5. correcting the computer files as necessary,
6. proofreading the corrected computer files
against the field data sheets a second time,
7. re-correcting, as necessary.
Individual data files were developed for each indivi­
dual mapping interval. An example of a coded computer file
is given on Table 3-3. These data files were assembled into
6 major data bases (Table 3-4).
3.4 Data Analysis of Fracture Characteristics
A large number of published computer programs were 
evaluated for use in analyzing the fracture data. From 
these three published programs were selected for providing
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Table 3-2. Coding Scheme for Digitizing Field Data 
into Computerized Data Files
1 21. Mapping Location (Columns 1-4)
S5N - A-Left Spur 0-5 North 
ER10 - Experimental Room 0-10 
M10S - Miami 0-10 South 
NE15 - Northeast Wall 10-15 
SW20 - Southwest Wall 15-20 
F10 - Mining Face 10
2. Fracture Identification Number (Columns 7-9)
3. Str ike (Columns 12-15)
4. Dip (Columns 18-21)
5. Fracture Type (Column 24)
0 - Unspecified
1 - Foliation joint
2 - Strike joint
3 - Dip joint
4 - Oblique joint
^As measured in meters from the nearest survey spad 




5 - Mineralized vein
6 - Irregular fracture
7 - Shear zone











7. Fracture Surface (Column 30)






8. Aperature (Columns 33-35)
-0.1 - Not distinguishable 
0.0 - Less than 0.1 millimeters (mm)
0.1 and above - measured value in millimeters
9. Fracture Length (Columns 38-40)
- as measured in centimeters (cm)
10. Fracture Alteration and Mineral Filling (Columns 43-49)
- listed in descending order of occurrence
0 - None
1 - Iron oxide- iron stain, iron hydroxide, limo-
nite, goethite, etc.
2 - Clay
3 - Chlorite, chloritization
4 - Quartz
5 - Pyrite
6 - Sulphides - galena, bornite, etc.
7 - Rare Minerals - epidote, flourite, etc.




11. Fracture Spacing (Columns 52-54)
- as measured in centimeters (cm)
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SW07 1 N48W 88SW 4SW07 2 N20W 88SW 3SW07 3 N57W 86SW 4SW07 4 N55W 86SW 4SW07 5 N17W 87SW 3SW07 6 N35W 65SW 4NE07 7 N45W 89NE 4SW07 8 N83E 60NW 1SW07 9 N58E 71NW 1SW07 10 N64E 75NW 1SW07 11 N68E 72NW 1SW07 12 N05W 38NE 3SW07 13 N54W 86NE 4SW07 14 N48E 35NW 4SW07 15 N38E 48SE 4SW07 16 N58W 88NE 4SW07 17 N47W 41SE 4SW07 18 N62E 74NW 1SW07 19 N74E 73NW 1SW07 20 N10E 23SE 4SW07 21 N73E 63NW 1SW07 22 N54W 90NE 4SW07 23 N49W 90NE 4SW07 24 N03W 90NE 4SW07 25 N14E 54NW 4SW07 26 N11W 78NE 4SW07 27 N16E 31SE 4SW07 28 N83W 36SW 43W07 29 N63E 75NW 1SW07 30 N45W 82NE 4SW07 31 N17W 79NE 3SW07 32 N23E 60SE 4SW07 33 N18W BONE 3SW07 34 N13W 79NE 3SW07 35 N46W 23SW 4SW07 36 N18W BONE 3SW07 37 N09W 41SW 4SW07 38 N46W BONE 4SW07 39 N55E 70NW 1SW07 40 N68W 83NE 4SW07 41 N30W 76NE 4SW07 42 N52E 15SE 2SW07 43 N53W 65NE 4SW07 44 N18W 85NE 3SW07 45 N18W 86NE 3SW07 46 N32E 42SE 4SW07 47 N28W 77NE 3SW07 48 N82W 17SW 4SW07 49 N72W 35SW 4SW07 50 N38E 58NW 1SW07 51 N52W 50S W 4SW07 52 N57W 34SW 4SW07 53 N35E 67SE 4SW07 54 N62W 79NE 4SW07 55 N56W 83NE 4SW07 56 N61E 59NW 1SW07 57 N20W 83NE 3SW07 58 N21W 79NE 3SW07 59 N69W 73NE 4SW07 60 N11W 67NE 4
TABLE 3-3 : Example
2 0.0 80 9 103 -.1 202 0.0 20 92 0.0 20 92 0.0 301 0.0 20 21 0.0 100 4,5,12 0.0 90 2 232 0.0 105 2 83 0.0 335 5,2 123 0.0 235 2 101 -.1 151 0.0 135 2 42 0.0 501 0.0 185 4,51 0.0 160 2,4,1 42 0.0 202 0.0 150 270.0 30 3 90.0 70 4,72 0.0 50 80
1 0.0 260 1,9,4,6 202 0.0 205 4,1,22 0.0 185
I 0.0 80 5,1
2 -.1 452 0.0 20 1,22 - • 1 25 32 0.0 105 3 622 -.1 102 — . 1 15
1 0.0 30 5,12 ■ e l 403 0.0 20 02 - . 1 15
1 0.0 35 5
1 ■ . 1 35 52 0.0 55 o 302 0.0 40 2
2 0.0 30 02 0.0 60 02 0.0 202 0.0 40 0
1 - . 1 20 0 42 — • 1 25 0 72 0.0 40 5,2
1 0.0 15 0
1 - . 1 20 0 2
1 — . 1 30 0 12 0.0 35 5 882 0.0 30 3 42 0.0 20 3
1 0.0 40 4,5
1 0.0 70 4,1 3
1 0.0 30 2^12 ■ • 1 40 52 0.0 15 0 102 - . 1 25 02 -.1 25 0


































































•4-1 OO  *H
"O 4-1 |_| *iH CO
<U rH > OO CN <r CO CN m CTv
,£> <0 M VO <r m r*» rH o <r
B >  <u CN 00 rH 00 CN CO vo






Q> U 3 i—1 vo r- 00 1 rH co








u  o  B
CD 4J <U CT\ 00 rH i—i CN VO r-
JO u W VO <r vo 00 i—t O r-
B to D CN 00 «—4 00 CN co VO








E k CO O CO 00 00 CO




to CD <D p
4-1 u c 3
c 4J 4J to c CL
<D to to 3 CO
B to CD H
•H CD S PC 4J CO
X JZ c •H tP U
to CD CD 6 4J r-4 P iH •H B CD <
4J tO CL O P rH 3 W c to rJ H
to to X o O to O to •rH •H 1 O
O 03 W Pd 52 ^ CO C2 2 < Eh
ER-2453 44
(1) line printer stereonet plots, (2) computer-driven pen- 
plotter versions of stereonet plots, and (3) multivariate 
clustering of fracture orientation data. In addition, three 
programs were developed specifically for this project for
(1) manipulating the data base and generating input files,
(2) performing statistical analysis of the orientation data, 
and (3) performing statistical analysis of the engineering 
properties of the fractures. This system of six computer 
programs (Figure 3-1) was then used to evaluate the fracture 
data obtained during the field program.
For the sake of brevity, copies of these programs have 
not been included in this report. Written and computer 
readable copies of all six of these programs and the six 
data bases are available at the Colorado School of Mines 
through Dr. A. K . Turner (Geology Department) and Dr. W. A. 
Hustrulid (Mining Department) . In addition, written and 
computer readable copies are being prepared for a companion 
report (Rosasco and Hustrulid, 1985 in press) for the Office 
of Nuclear Waste Isolation.
3.4.1 Data Manipulation - Program CNVRT2
The program CNVRT2 manipulated the data files to (1) 
convert between the various forms of orientation data (i.e., 





































the data base into the various computer formats required by 
the five analytical programs, and (3) to detect and identify 
"potentially bad data". Potentially bad data could come in 
various forms, such as unrealistic strike and dip values 
(i.e., N95W or N70W/50SE), values in forms not accepted by 
the analytical programs (i.e., N70W V rather than N70W/90SW) 
or formatting errors. CNVRT2 was used to build two distinct 
types of input files (Figure 3-1).
3.4.2 Line Printer Stereonets - Program FABRIC
The program FABRIC (Toucher, 1978a and 1978b) was used
to generate line printer plots of raw data on point diagram
and contoured data using the counting circle technique 
(Billings, 1972, Ragan, 1973, Turner and Weiss, 1963, and
others) . Rough contour plots were produced by hand con­
touring line printer frequency plots produced by FABRIC. 
FABRIC also generated the input information required by the 
program CONFAB (Toucher, 1979).
3.4.3 Report Quality Stereonet Contour Plots - Program 
CONFAB
CONFAB generated more sophisticated raw data and con­
tour plots of orientation data using a computer-driven pen- 
plotter. As both CONFAB and FABRIC could operate with 
variable sized counting circles, only 1% counting circles
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were used with equal-area projections to develop the contour 
diagrams for this project. This allowed for visual compari­
son of the stereonets produced for each of the six data 
bases along with easy understanding by reviewers familiar 
with the l7o scanning circle technique. Examples of the 
output of this program can be found throughout the following 
pages.
3.4.4 Multivariate Clustering of Orientation Data - Program 
FRACTAN
The second system of programs (Figure 3-1) statisti­
cally analyzed both the orientation and physical character­
istic data developed by the field programs. The first 
program, FRACTAN is the third of a series of programs devel­
oped by U . S. Bureau of Mines personnel (Shanley and Mahtab, 
1975, 1974 and Mahtab et al., 1972) to statistically cluster 
the various observations into fracture sets based on a 
spherical-normal probability function and to subsequently 
evaluate the population of orientation data assembled within 
each fracture set.
The program applies the concept that simple contouring 
by the 17» counting circle technique (Billings, 1972, Ragan, 
1973, Turner and Weiss, 1963) does not necessarily provide 
the best statistical partitioning of fracture data into 
fracture sets. Previously, fracture data had been contoured
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by moving a "counting circle" across the raw point plot, 
calculating the number of points within the counting circle 
at each location, converting the counts into percent fre­
quency data and contouring. A 1% counting circle, that is a 
circle with an area 1% of the total stereonet area, had been 
traditionally used to allow for comparison of diagrams of 
different sizes. The program FRACTAN (Shanley and Mahtab, 
1975) allows for use of counting circles of differing 
diameters to be used in the partitioning process. Thus a 
wide range of partitioning solutions could be developed.
^ The authors provide an objective function, the exact nature 
of which is not clearly defined, by which the best parti­
tioning effort may be selected. Use of this objective 
function to define the best partition necessitated approxi­
mately 15 to 20 runs of the program with varying sizes of 
counting circles. These were then examined hy plotting the 
values of the objective function ) and selecting the
optimum partitioning. Examples of these optimization plots 
are included in Chapter 4.
As neither the objective function or the input para­
meter RDIS have any meaning outside the context of the 
FRACTAN program, data was obtained as part of this study 
that relates RDIS to the size of the scanning circle (Figure 
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FIGURE 3-2: Relation Between Fractan Input Parameter, RDIS, and
Scanning Circle Size
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input parameter an the subsequent scanning circle size 
obtained for each of the numerous program execution per­
formed during the course of this project. RDIS varies 
approximately linearly with the percentage of the surface 
area of the stereonet used in the counting circle and an 
RDIS value of approximately 8.06 corresponds to the standard 
counting circle of 1% of the total area of the spherical 
project ion.
3.4.5 Statistical Analysis of Orientation Data - Program 
STAT
Due to variations in the numerical capabilities between 
the computer system on which FRACTAN was originally develop­
ed and the Colorado School of Mines computer system, much of 
the second part of FRACTAN could not be fully utilized. 
This included the evaluation of the population distribution 
of orientation data from each fracture set. As a result, 
the program STAT was developed to perform this function. 
Whereas FRACTAN utilized vector calculus to evaluate the 
combined strike and dip against the spherical normal proba­
bility distribution (Fisher, 1953), STAT evaluated strike
and dip values independently using a normally distributed 
probability function. This assumption was examined for each 
fracture set through the use of covariance analysis and 
correlation coefficients. Besides these values, STAT gener-
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ated means, standard deviations, ranges, histograms and 
Chi-Square tests of both the strike and dip values of each 
+* discrete fracture set defined by FRACTAN.
3.4.6 Statistical Analysis of Engineering Properties - 
Program JTSTAT
* One of the primary functions of STAT was the generation 
of an indexing file containing the fracture location and 
fracture identification values. The indexing file was then 
used to search the master file for the persistency, frequen­
cy, and physical characteristic data for each fracture mem­
ber of each fracture set so that this data could be evalua­
ted independently for each fracture set. This analysis was
* performed by the program JTSTAT.
Ratio data, such as fracture lengths and spacings, were 
evaluated using histograms, means, standard deviations and 
Chi-Squared tests. Nominal, ordinal, and interval data such 
as fracture types, geometries, surfaces, aperatures and fil­
lings, were evaluated primarily through frequency tables. 
Termination data, although recorded in detail in the field, 
were determined to require inordinate amounts of analysis 
time, and to be extremely complex for efficient use of 
computer-based statistical procedures and as such these data 
were not input into the computerized data base.
The final step in data analysis was to evaluate the
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various elements of the tectonic fabric by comparing the 
mean orientation values for each fracture set against the 
mean orientation of the measured fold axes, lineations and 
other structural features. This was conducted through the 
use of simple graphical techniques (Ragan, 1973, Turner and 
Weiss, 1963) .
The above analysis procedure was repeated for each of 
the 6 major data sets ; that is the large scale mapping of 
the ONWI Room, Miami Tunnel and A-Left Spur and the detailed 
mapping of the 13 mining faces, the Northeast Wall and 
Southwest Wall ofthe ONWI Room.
The following chapter shows in detail how these data 
analysis procedures were used to evaluate the large scale 
features observed in the ONWI Room and summarizes the re­
sults obtained from the other five data bases.
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4.0 STRUCTURAL DISCONTINUITIES OF THE CSM-ONWI TEST SITE
This chapter presents the results of the statistical
analysis of the fracture data obtained from the four ONWI 
Room data bases (ONWI Room Large Scale, Northeast Wall, 
Southwest Wall, and Mining Faces) and the two data bases 
developed from the two adjacent parallel drifts (Miami 
Tunnel and A-Left Spur). The first of these data bases, the 
large fractures observed in the ONWI Room, is discussed in 
some detail in an attempt to further explain on the analyti­
cal procedures used. For the sake of brevity, the remaining 
five data bases are discussed only in general terms. How­
ever, stereonet plots and summary tables are presented for 
all six data bases. In addition, Chapter 5 presents a 
detailed evaluation and interpretation of the results ob­
tained from all six data bases. Readers interested in a 
more detailed discussion of the actual results are referred 
to the companion ONWI report (Rosasco and Hustrulid, 1985)
currently being completed. Copies of the actual computer
output of the statistical analysis including distribution
plots and statistical test results will also be included 
with the ONWI report.
It should be noted that each data base is treated 
independently in this chapter. Thus although many of the 
same fracture sets and subsets were defined by more than one
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data base, there is no correspondence between the numerical 
designations assigned to the sets from each data base (i.e., 
Set No. 3 from the Northeast Wall does not necessarily 
correpsond to Set No. 3 from the Mining Faces).
Although the term fracture set may be used in this 
chapter, these sets should be treated as clusters with 
statistical significance only. Thus the numerical designa­
tions are provided for the sole purpose of assisting the 
reader in correlating between the various summary tables for 
each individual data base. Evaluation of the correspondence 
between the clusters defined by all six data bases, the 
definition of fracture sets and subsets, and interpretation 
of the geologic signficance of the various sets and subsets 
is an interpretive effort and is the subject of Chapter 5.
4.1 Geometry of the Structural Discontinuities of the ONWI
Room
Four distinct data bases were established for the ONWI 
Room based on the large scale mapping of the entire room and 
the detailed mapping of the two walls and the 13 mining 
faces.
4.1.1 Large Scale Mapping of the Onwi Room
A total of 269 large (approximately 1 meter or more in 
length) fractures were examined along the entrance, walls,
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roof and floor of the ONWI Room. Only one observation had 
to be removed from the data set because of invalid strike 
and dip values.
Four different graphic representations of this orienta­
tion data are presented on Figures 4-1, 4-2, 4-3 and 4-4. 
Figure 4-1 is a stereonet point plot of the ONWI Room data 
generated by the computer program CONFAB (Toucher, 1979). 
Figure 4-2 is a density plot of the same orientation data 
that was developed with the program FABRIC (Toucher, 1978a 
and 1978b). Figure 4-3 is a hand contoured version of the 
density plot produced by the program FABRIC. Figure 4-4 is 
a copy of the computer generated contour plot of the orien­
tation data using the program CONFAB. All four figures were 
constructed using the lower hemisphere of an equal area 
stereonet projection (Billings, 1972, pp.96-100 and 570-589, 
Ragan, 1973, pp.112-114, Turner and Weiss, 1963, pp.46-67). 
The contoured diagrams (Figures 4-2, 4-3 and 4-4) were 
generated using a 1% scanning circle, that is a scanning 
circle with an area of 1% of the total area of the stereonet 
projection, to determine the densities of the data points.
It can be readily seen that all of the diagrams show 
the dominance of two near vertical fracture sets. The high 
density area in the lower right portion of the diagrams 





O.N.U.I. ROOM: LARGE SCALE MAPPING PROJECTION = EQUAL AREA 
NUMBER OF POINTS = 268
FIGURE 4-1 : Stereonet Point Plot Diagram of the ONWI Room Data 
Generated by the Program CONFAB
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O.N.U.I. ROOM: LARGE SCALE MAPPING 
PROJECTION - EQUAL AREA 
NUMBER OF POINTS - 268
SCANNING CIRCLE =1 .000CONTOURING GRID = EQUILINEARCONTOURS AT 01 ..11
FIGURE 4-4: Computer Contoured Stereonet Density 
Plot of the ONWI Room Data Generated by the Program CONFAB
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in the lower left and upper right represent a major oblique 
set with a near vertical orientât ion. Up to six fair to 
poorly defined minor sets can also be distinguished.
Figure 4-5 is a plot of the objective function versus 
the size of the counting circle for the various computer 
runs of the program FRACTAN for the 268 large fractures 
examined in the ONWI Room. The objective function for this 
data set begins by rapidly decreasing as the scanning circle
size approaches and just exceeds 1.0%. The first minimum
3 ovalue, 179.2x10 occurs at a scanning circle area of 1.022%
of the total stereonet area. A second minimum occurs at a 
scanning circle radius of 1.444% where the objective func­
tion value is 178.8x10^.
At the first minimum value, FRACTAN defined 11 discrete 
clusters or fractures sets (Table 4-1). At the second 
minimum, only 5 sets were identified (Table 4-2). Little 
guidance was available from the authors of FRACTAN (Shanley 
and Mahtab, 1975) on selection of the proper partition. 
Similarly, comparison with the previous investigation of 
fracturing in the area (Harrison and Moench, 1961) was not 
helpful in determining which of the two partitions most 
accurately portrayed the conditions at the site. Examina­
tion of the contour diagrams (Figures 4-2, 4-3 and 4-4) 
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FIGURE 4-5: Plot of the Objective Function Generatedby the Program FRACTAN vs. Scanning 
Circle Size for the ONWI Room Data
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and the foliation set may be divisible into several subsets.
Comparison of the mean strike and dip values for the 
various sets indicates that 5 of the sets from the clusters 
produced with the 1.022 scanning circle can be considered to 
be subsets of general attitude of the foliation surface. 
Similarly, four of the sets may be considered to be subsets 
of the major oblique and the minor oblique sets. When the 
subsets defined by the program with a scanning circle size 
of 1.022% are combined, only 5 sets remain. These 5 sets
correspond very closely to the 5 sets produced with a 1.444%
scanning circle. Thus, the clustering developed with the 
1.444% scanning circle (RDIS = 9.75) was utilized for analy­
sis and the 1.022% scanning circle clustering (RDIS = 8.20) 
was only used to evaluate the distribution and characteris­
tics of the 5 individual sets.
4.1.1.1 Foliation Fractures of the ONWI Room
Foliation is a "general term for a planar arrangement 
of textural or structural features in rock especially the 
planar structure that results from flattening of the con­
stituent grains of a metamorphic rock" (A.G.I., 1980) For 
this investigation, it was defined as any actual or per­
ceived plane subparallel to the gneissosity of the rock 
mass; that is the "coarse textural 1ineat ion or banding
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of constituent minerals into alternating silicic and mafic 
layers" (A.G.I., 1980). A total of 183 measurements of the 
orientation of the foliation plane were made during the 
large scale mapping of the ONWI Room (Plate 1). These 
included both fracture surfaces and measurements of the 
orientation of the gneissosity where it is developed. The 
average strike and dip value obtained was N64E/82NW with 
standard deviations of 13.09 and 14.03 degrees respectively. 
The distribution of the strike and dip populations for these 
183 observations are displayed on Figures 4-6 and 4-7.
Of the 183 foliations observations, 119 values were 
fracture measurements that were evaluated with the computer 
programs FRACTAN (Shanley and Mahtab, 1975), STAT and
JTSTAT. The average strike and dip values of these folia­
tion fractures were N65E78NW with standard deviations of 
15.17 and 14.25 degrees respectively (Table 4-2). Based on 
a Student's t test (Davis, 1973, pp.93-99), these values do 
not differ significantly from those obtained from the entire 
set of 183 foliation observations.
The distribution of the strike and dip values for the 
foliation fracture observations are displayed on Figures 4-8 
and 4-9. There is no simple correlation between the strike 
and dip values as indicated by the calculated correlation 
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FIGURE 4-9. Histogram of Foliation Fracture Dip 
Observations from the ONWI Room 
Data (n=118)
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The population of observed strike values for the folia­
tion fractures (Figure 4-8) appears to be approximately 
normally distributed. However, a Chi-Squre goodness-of-fit 
test (Davis, 1973, pp.114-123, and Krumbien and Graybill, 
1965, pp.171-183) at a 5% level of significance indicated 
the data was not normally distributed. This is due princi­
pally to extreme values, that is, strike values that were 
approx ima t ely due north when the mean value was N65E . 
Removal of these values would yield a more normally distri­
buted population. The population of observed dip values can 
best be described as normally distributed (Figure 4-9). The 
goodness-of-fit test was not rejected at the 5% significance 
level.
Most of the foliation fractures (71%) were orientated 
parallel to the observed gneissic banding ; a smaller frac­
tion (17% were oriented obliquely to the local gneissosity 
and a still smaller fraction (9%) were oriented parallel to 
the gneissosity but dipped in a different direction than the 
mineralogical banding. Four of the observations included in 
this fracture set were shear zones. Departures in parallel­
ism between foliation fractures and gneiss ic banding gener­
ally occur in the areas of the tight small scale folding and 
crenulation (Plates 1 and 2), where through going foliation 
fractures and axial plane foliations cut across local miner-
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alogical banding.
Use of the partitioning effort with the 1.022% scanning 
circle indicates that up to 5 subsets to the foliation 
fracture set may exist (Table 4-2). The first, oriented 
N56E and 83NW, is interpreted to be the axial plan foliation 
associated with the younger folds, lineations and crenula- 
t ions. The second, oriented N73E/70NW is parallel to the 
overall gneissosity of the test site area. These two types 
were the most dominant, accounting for 80% of the foliation
fractures examine (Table 4-2). The third subset of the
foliation fractures is oriented N72E/82SE. These fracturées 
formed parallel to the reversed foliation orientation on the 
southeast dipping limbs of the tight isoclinal folds and 
crenulations associated with the younger Precambrian defor­
mation. Two additional subsets were also defined, one N83E/ 
74NW and one N81E/62NW. These foliation fracture subsets
were delineated primarily because of their easterly strike.
Persistence of a fracture set is defined as "the per­
centage of the total area of a plane through the rock mass 
which is formed by discontinuities coincident (coplanar) 
with the reference plane" (ISRM, 1978, p.336). It is gen­
erally characterized by collecting observations on fracture 
trace lengths and fracture terminations. For the foliation 
fractures, the average fracture trace length (Table 4-3) was
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154 centimeters (cm). The maximum observed value was 440
cm, approximately equivalent to the width of the room. The
distribution of the foliation fracture length observations 
and a logarithmic transformation of this distribution were 
examined through the use of a Chi-Square goodness-of-f it 
test (Davis, 1973, pp.114-123, and Krumbien and Graybill,
1965, pp.171-183). The test indicated that the trace length 
data are apparently log-normally distributed.
Terminations can only be evaluated by examining the
frequency of each observed type. For the foliation frac­
tures, over 80% of the observed fractures terminated in rock 
or against other fractures. However, as 12% of the observed 
fractures extended beyond the limits of the exposures in the 
ONWI Room, and the maximum observed fracture length was 
equivalent to the width of the room, it is probable that the 
maximum possible fracture length cannot be accurately esti­
mated from the observed data.
Based on 69 observations, the mean spacing for the 
foliation fracture set is estimated at 42 cm. These data 
are best described by a log-normal distribution.
The foliation fractures were generally planar to wavy 
with a lesser number of wavy-irregular and wavy geometries 
(Table 4-4). The surfaces of these fractures tended to 



































•0 «1 C L. cc c O e oo « w  9 c cc X3 m —  cr o o3 ccru. o o « w w
c c ■'O V  "Oo o c—• *» >* o— CL U O  CL a. o O  or z o
ER-2453 75
nearly all of the fractures examined possessed aperatures 
which were less than 0.1 mm, the foliation fracture set did 
contain the greates number of open fractures ; over 8% of the 
aperatures exceeded 5 mm. Iron oxides and related minerals 
were the dominant fracture filling or surface alteration 
followed by pyrite and clay. Minor fillings include 
chlorite or chlor i t i zat ion of the fracture surfaces and 
quartz. Nearly 30% of the foliation fractures contained no 
filling or alteration.
4.1.1.2 Major Oblique Fractures of the ONWI Room
The second set of large scale fractures identified in 
the ONWI Room was a major oblique set with a mean strike of 
N55W and a mean dip angle of 87° to the northeast (Table 
4-2) . There was no indication of any correlation between 
the strike and dip values (r = 0.19). The distribution of 
both the strike and dip observations appear to be normal ; 
however, the Chi-Squared goodness-of-fit test rejected this 
observation at a 5% significance level. This was due to the 
presence of extreme values of strike and dip resulting from 
inclusion by the clustering process of minor "statistically 
insignificant," fracture sets within this larger oblique 
set.
Examination of the partitioning effort conducted with 
the 1.022% scanning circle, indicates that the major oblique
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fracture set can be divided into two distinct subsets (Table 
4-1). The first is oriented N63W dipping 84NE and the 
second N41W/86SW.
The major oblique set possess a mean fracture length of 
149 cm (Table 4-3) with a maximum observed value of 470 cm. 
Nearly 90% of these fractures terminated in rock, against 
fractures, or against blastholes (Table 4-3), indicating 
that the maximum probable fracture length lies within or 
close to the maximum observed value. However, the observed 
length values are not normally distributed. This is primar­
ily due to the effect of censoring fracture length measure­
ments less than 1 meter. The mean spacing was determined to 
be 49 cm and is best described by a Poisson distribution.
The geometry of these fractures is best described as 
planar-irregular with a lesser tendency towards waviness 
(Table 4-4). The surfaces of these fractures tend to be 
rough. They are generally tight with only 3% of openings 
exceeding 0.1 mm. The predominant f illing/alterat ion is 
iron oxide which was found in over 50% of these fractures. 
This was followed, in order of occurrence, by clay, quartz, 
and pyrite. Nearly one-third of these fractures contained 
no filling.
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4.1.1.3 Minor Oblique Fracture Sets of the ONWI Room
There were two other oblique fracture sets defined by 
the 1.444% scanning circle partitioning of the large scale 
fractures of the ONWI Room. The first of these is oriented 
N50E, dipping 50SE (Table 4-2). There is only a weak linear 
correlation between the strike and dip values of this frac­
ture set. Although the distribution of strike values 
contains too many empty classes and extreme values to be 
described as normally distributed, the dip values do appear 
to be normally distributed and the goodness-of-fit test 
supports this hypothesis.
Evaluation of the partitioning effort with the 1.022% 
scanning circle (Table 4-1) suggests that this fracture set 
may also consist of two subsets ; one oriented N33E/58SE, and 
a second oriented N80E dipping 48SE.
This fracture set displayed a mean fracture length of 
136 cm (Table 4-3) with a maximum value of 265 cm. The 
distribution of these values best fits a log-normal curve. 
Only 6% of the observed fractures of this set terminated 
beyond the limits of the ONWI Room. Only 5 spacing 
measurements were obtained for this set and these possessed 
an average value of 29 cm.
The members of this fracture set were characterized by 
planar-irregular to planar-wavy geometries and rough sur-
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faces. These fractures are tight with only one observation 
at 1.0 mm and the remainder below this value. Nearly half 
contained pyrite and/or iron oxide (Table 4-4).
There was one other minor oblique fracture set defined 
at both the 1.444% and 1.022% partitioning efforts. In each 
case, this fracture set continaed three observations with an 
average strike of N51W, dipping 63NE. Obviously, with only 
three values, little statistical analysis is warranted. 
There appear to be no consistent trends in their physical 
characteristics and nothing that sets them aside from the 
previously described fracture sets other than their orienta- 
t ion.
4.1.1.4 Dip Fractures of the ONWI Room
There was one distinct set of dip fractures, that is 
fractures striking parallel to the dip direction of the 
foliation, defined by both the 1.022% and 1.444% clustering 
efforts (Tables 4-1 and 4-2). With each partitioning, this 
set contained 9 observations with an average strike of N21W, 
dipping 32NE. It should be noted that the strike of these 
fractures parallels the long axis of the ONWI Room. There 
is no linear correlation between the strike and dip values 
of this fracture set (r = -0.02). These fractures displayed 
a mean length of 140 cm (Table 4-3) and all of those obser­
ER-2453 79
ved terminated in rock or against other fractures. No 
meaningful statement can be made about the geometry or the 
surface configuration of these fractures. They are tight, 
all possessing aperatures less than 0.1 mm, with nearly 
one-half possessing no filling or alteration (Table 4-4).
4.1.2 Detailed Mapping of the Northeast Wall of the ONWI 
Room
A total of 842 fractures were used in the evaluation of 
the Northeast Wall (Table 3-4, pg.43). A 1% scanning cir­
cle, computer-contoured, density plot of these values gen­
erated by the program CONFAB (Toucher, 1978b) is presented 
on Figure 4-10. For comparison purposes, a similar plot of 
the ONWI Room Large Scale Data was presented on Figure 4-4, 
pp.63). Both plots displayed similar high density foliation 
and major oblique fracture sets. The densities of indivi­
dual poles is reduced on the Northeast Wall plot (Figure 
4-10) reflecting (a) the increased number of "random" obser­
vations for the detailed features compared to the large 
scale fractures, (b) the greater variation about the mean
for the detailed fracture observations, and (c) the presence 
of two additional fracture sets.
Figure 4-11 displays the optimization curve for the 
clustering process conducted by the FRACTAN code. In con­





O.N.U.I. ROOM: NORTHEAST WALL 
PROJECTION - EQUAL AREA 
NUMBER OF POINTS = 842
SCANNING CIRCLE -1 .000CONTOURING GRID = EQUILINEARCONTOURS AT 01
FIGURE 4-10: Computer Contoured Density Plot of the 
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FIGURE 4-11: Plot of the Objective Function Generated by the Program
FRACTAN vs. the Size of the Scanning Circle for the 
Northeast Wall Data
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partitioning effort, with a 1.01 scanning circle, was iden­
tified. This partitioning effort resulted in 8 clusters 
(Table 4-5). A summary of the statistical evaluation of the 
engineering properties of the Northeast Wall fracture obser­
vations is presented on Tables 4-5, 4-6 and 4-7.
4.1.3 Detailed Mapping of the Southwest Wall
A total of 1154 fractures were used in the evaluation 
of the Southwest Wall, the largest of the six data bases 
(Table 3-4). A 1% scanning circle plot, generated by the 
program CONFAB (Toucher, 1979), is presented on Figure 4-12. 
Similar plots for the two previously discussed data bases 
were presented on Figures 4-4 and 4-10. All three plots 
display similar high density foliation and major oblique 
fracture sets. Similar to the Northeast Wall data, the 
Southwest Wall data (Figure 4-12) display lower average 
densities around the individual poles compared to the large 
scale data (Figure 4-4).
Figure 4-13 displays the optimization curve generated 
by the clustering process of the computer code FRACTAN 
(Shanley and Mahtab, 1975). Similar to the Northeast Wall 
data, only a single optimum partitioning was defined using a 
1.245% scanning circle. This partitioning resulting in 10 
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O.N.W.I. ROOM: SOUTHWEST WALL 
PROJECTION - EQUAL AREA 
NUMBER OF POINTS =1155
SCANNING CIRCLE =1.000CONTOURING GRID = EQUILINEARCONTOURS AT 01 ..é
FIGURE 4-12 : Computer Contoured Density Plot of the Southwest 
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FIGURE 4-13: Plot of the Objective Function Generated by the 
Program FRACTAN vs. the Size of the Scanning 
Circle for the Southwest Wall Data
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and frequency, and physical characteristics data for these 
10 sets, as determined by the computer code STAT and JTSTAT 
are presented on Tables 4-8 through 4-10.
4.1.4 Fractures Exposed in the Mining Faces
A total of 878 fractures were examined in the 13 mining 
faces (Figure 4-14 and Plate III). Only 5 had to be rejec­
ted due to incorrect strike and dip values. A 1% scanning 
circle contour plot for this data, similar to those presen­
ted for the previous data bases, is presented on Figure 
4-15. This plot displays similar high density foliation and 
major oblique sets as the previous three diagrams (Figures
4-4, 4-10 and 4-12). It also displays one new low angle,
major fracture set trending approximately due north, and an 
additional high angle, minor fracture set. Similar to the 
other plots of detailed fracture data (Figures 4-10 and 
4-12) the densities of most of the individual poles is 
reduced.
The optimization curve for the FRACTAN (Shanley and 
Mahtab, 1975) clustering process is presented on Figure
4-16. Optimum clustering, based on the minimum value of the
objective function, was obtained with a 1.204% scanning 
circle. This partitioning resulted in 11 distinct clusters. 
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\FIGURE 4-14: Location of the 13 Mining Faces Developed During 






O.N.U.I. ROOM: MINING FACES 1 - 13 
PROJECTION - EQUAL AREA 
NUMBER OF POINTS - 873
SCANNING CIRCLE =1.O00CONTOURING GRID = EQUILINEARCONTOURS AT 01 ..5
FIGURE 4-15 : Computer Contoured Stereonet Plot of Data 
Collected from the 13 Mining Faces 
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Tables 4-11, 4-12 and 4-13.
4.2 Large Scale Mapping of the Miami Tunnel
A total of 212 fracture observations were used for the 
evaluation of the Miami Tunnel test section (Plate 4). 
Figure 4-17 presents a 1% scanning circle computer contoured 
(Toucher, 1979) density plot of these values. for compara­
tive purposes, an equivalent plot of the ONWI Room large 
scale data was presented on Figure 4-4 (pg. 59). Both plots 
display similar high density foliation and major oblique 
fracture sets. In addition, the Miami tunnel data displays 
a prominent minor oblique set, oriented north-northeast, 
dipping moderately steeply to the northwest, not defined by 
any of the previously examined data bases.
Figure 4-18 displays the optimization curve for the 
clustering process conducted by the FRACTAN (Shanley and 
Mahtab, 1975) computer codes. A similar plot from the
evaluation of the ONWI Room large scale data was presented 
on Figure 4-5 (pg. 61). Only a single optimum partitioning 
effort, using a 1.245% scanning circle was identified. This 
partitioning resulted in definition of 7 clusters. Sum­
maries of the orientation, persistence and frequency, and 
physical characteristics for these 7 sets, as determined by 
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MAIMI TUNNEL: Lerge See l e  Mapping 
P R OJECTION - E Q U A L  AREA 
NUMBER OF P O I N T S  - 212
SCANNING C I R C L E  »1 .000CON T O U R I N G  GRID = EQUI LI NEARCONTOURS AT 01 ..9
FIGURE 4-17: Computer Contoured Density Plot of the Miami 
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FIGURE 4-18: Plot of the Objective Function Generated
by the Program FRACTAN vs. the 
Scanning Circle Size for the Miami 
Tunnel Data
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4-14, 4-15 and 4-16.
4.3 Large Scale Fractures in A-Left Spur
A total of 305 fracture observations were used in the 
evaluation of A-Left Spur (Plate 5). Figure 4-19 presents a 
l7o scanning circle computer contoured density plot of these 
values. Equivalent plots for the ONWI Room data (Figure
4-4, pg. 59) and Miami Tunnel data, (Figure 4-17, pg. 99)
were presented previously. All three plots display similar 
high density foliation and major oblique sets. The arrange­
ment of minor oblique sets is also nearly the same with the
exception that these fracture sets tend to display greater 
variation in orientation.
Figure 4-20 displays the optimization curve for the
clustering process conducted by the program FRACTAN. A 
similar plot for the ONWI Room data was presented on Figure
4-5 and on Figure 4-18 for the Miami Tunnel data. Similar 
to the ONWI Room data and unlike the Miami Tunnel data, the 
A-Left Spur partitioning process resulted in two distinct 
low points on the optimization curve. The first resulted in 
definition of 12 clusters with a scanning circle size of 
1.10% while the second displayed only 7 with a scanning 
circle of 1.22% of the surface area of the sphere. Examina­
tion of the stereonet contour plot (Figure 4-19) indicates
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A-LEFT SPUR: Lor g* Sco ! e Mopp Vn g 
PROJECTION - EQUAL AREA 
NUMBER OF POINTS ~ 307
SCANNING CIRCLE = 1 . 0 00CONTDURING GRID = EQUILINEARCONTOURS AT 01 . 9
FIGURE 4-19: Computer Contoured Density Plot of the A-Left Spur 
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FIGURE 4-20: Plot of the Objective Function vs. Scanning
Circle Size Generated by the Program 
FRACTAN for the A-Left Spur Data
ER-2453 107
there are between 8 and as many as 12 fracture sets and 
subsets present. Thus, the smaller scanning circle 
partitioning with the greatest number of clusters was 
selected for evaluation. A summary of the statistical 
analysis of the engineering properties for these 12 clusters 
































































*cc C X W «“ co <u T» —* o—  3 41K V)u. o -O
« « • "O c v w -oc c c — o c c —o o O M t* o * o *e z z o — z > z o
C  4#
o  c
c ** £ co — z oX
- 41 - 4JV * 4» T» 4* "O
c c c  — c c  —
£ 5 £ 5 «U o £ £<5
3
3 3 3 3 3•0 oC dC ftO bCii 41 41 O o o
■o "TD3 3 > * « -C 41
a. 3
n I *0 «M C»6 C C C c c c >N 41 o uO * > w « Wo a. 3 i — O uG O o o
T? 13 TÏO 41 • 41
3 3
cr cr Or a M  # #  #0  3  3 3
c c c c pi a* o' o"
o o o o o «o JD J3 V 41 41
o o O O c *
m c  c  c41 o o O O •60 0 0
a. c
o o o o ou. u. u. u. r c 3C c
u  > > >
O JD -O dCr
o O O C
O W




z  o 41 w  w  Ï5g gg
x
O O oX r* r4C O  O  O41 <3
ER-2453 111
5.0 SUMMARY OF THE FRACTURE SETS OBSERVED AT THE CSM-ONWI
TEST SITE
This chapter presents a summary and evaluation of the 
various fracture sets defined by the six data bases pre­
viously discussed. The first section of this chapter eval­
uates the results obtained from the four ONWI Room data 
bases. The second section presents an evaluation of the 
large scale fractures examined in the ONWI Room and in the 
two adjacent parallel drifts.
5.1 Evaluation of the ONWI Room Fracture Data
This section presents a summary and evaluation of the 
various fracture sets defined by the four data bases from 
the ONWI Room. Included in this section are interpretations 
of (1) the correspondence between the various fracture 
clusters defined by the four data bases, (2) the geometric 
relationship and genetic significance of these fracture 
sets, and (3) a generalized summary of the engineering 
properties of these sets.
5.1.1 A Summary of Fracture Sets Exposed in the ONWI Room
A summary of the various clusters produced by the 
partitioning of four data bases of the ONWI Room (ONWI Room : 
Large Scale, Northeast Wall, Southwest Wall and Mining 
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produced by any of the four individual data sets ranged from 
8 to 11. In general, there were no obvious relations be­
tween the number or the nature (i.e., partitioning of the 
various sets and subsets) of the clusters produced and (1) 
the size of the data set, (2) nature of the data set (i.e., 
scale of features examined, (3) the orientation of the 
exposure examined in data base collection, or (4) the 
scanning circle size employed.
For example, small scanning circles as used for the
large scale data from the ONWI Room (scanning circle size 
1.022%) and the detailed data base from the Northeast Wall 
(scanning circle size 1.010%) did not result in similar 
partitionings of the foliation subsets. Nor did the paral­
lel exposures and identical data scales of the Northeast and 
Southwest Walls produce similar fracture sets in terms of
orientation. The only general statements that can be made 
are as follows:
1. All four of the data bases were domina­
ted by foliation fractures which made up
one-third of the total observations; 
however, the foliation observations were 
not partitioned similarly for each of 
the four data sets.
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2. All of the data bases identified two 
near vertical major oblique fracture 
sets .
3. Although six major oblique sets were 
identified, only one was consistently 
identified by all four of the data bases 
and in general, the large scale data 
(i.e., one meter or greater length 
fractures), failed to identify most of 
the minor oblique sets.
4. The detailed data bases failed to iden­
tify the strike-joints which comprised 
57o of the large scale data observations.
These variations between the fracture sets defined by 
the four data bases severly limit the development of a 
simple model of the fracture system at the test site area. 
Rather than using each data base to independently define the 
fracture system, and the comparisons between the data bases 
to define the sources of variation within the system, the 
results of the four separate evaluations will have to be 
combined to develop a model of the fracture system. This 
will severely limit the ability to define the sources of 
variation within the fracutre system. When all of the 
various clusters defined by the four data bases are com­
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bined, 16 discrete fracture sets and/or subsets can be 
defined (Table 5-2) .
5.1.2 Genetic/Geometric Interpretations of the ONWI Room 
Fracture Sets
Average values and my interpretations of genetic signi­
ficance for each of these 16 clusters are presented on Table 
5-2 while a stereonet plot of these planes is presented on 
Figure 5-1. These clusters reflect a minimum of 9 sets with 
several subsets to a maximum of 13 distinct fracture sets. 
Multiple genetic interpretations appear to exist for each of 
these sets.
The average orientation of the 1076 foliation observa­
tions obtained in the ONWI Room was N67E/76NW. A total of 5 
distinct subsets were defined by the partitionings of the 
four data bases. One of these subsets (No. 5 on Table 5-1 
and 5-2) is not considered to be meaningful in itself, as it 
only contains 8 observations, less than 1/2% of the total of 
3138 observations in these four data bases. The remaining 
four subsets consist of:
1. a dominant foliation fracture set orien­
ted N49E/81NW, previously interpreted 
(Moench & Drake, 1966, Moench, 1964, and 
Harrison & Moench, 1961) as a regional
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FIGURE 5-1 : Equal Angular Stereonet Plot of the 16 Fracture
Planes Defined from the Four ONWI Room Data 
Bases
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7-26) related to Laramide arching of the 
Colorado Front Range ;
2. a second major subset oriented N72E/
72NW, parallel to the gneissic structure 
of the migmatite host rock previously 
interpreted as a regional cross frac­
ture ;
3. a minor subset oriented N85E/63NW, which 
along with the fifth subset compose the 
second Laramide regional diagonal frac­
ture set ; and
4. a minor subset oriented N69E,81SE paral­
lel to the southeast dipping limbs of 
the younger Precambr ian folds.
The major oblique fractures are also divided into 
distinct subsets by the clustering efforts for all four of 
the data bases. The first subset is oriented N58W and dips 
79NE while the second is oriented N39W with a vertical dip. 
The average of these two subsets in N51W/83NE. The second 
subset although mapped in the field as an oblique fracture 
appears to represent a cross fracture as it is oriented 
normal to the axes of the younger Precambr ian folds.
The first subset of the major oblique fracture set, 
oriented N58W/79NE, represents one member of a pair of
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vertical diagonal fractures (Billings, 1972, Figure 7-26). 
The other member is the second set of dip fractures (dis­
cussed below) oriented N23W/85NE. This system of conjugate 
fractures intersect along a line oriented 65/N34W (Figure
5-1), which bisects the approximately 40 degree angle be­
tween the conjugate pair. Presuming these fractures are 
genetically as well as geometrically related to the younger 
Precambrian folds, the high angle nature of the line of 
intersection between these two fractures provides geologic 
evidence of the approximate principal stress orientation at 
the time of their formation. Presumably, the maximum prin­
cipal stress was nearly horizontal, oriented normal to the 
fold axis. Based on the orientation of this conjugate 
fracture system (Billings, 1972, pp.169-70, Badgley, 1965, 
p. 100), the intermediate principal stress was nearly verti­
cal, also normal to the approximately N55E trend of the 
younger Precambr ian fold axis. This interpretation agrees 
with that postulated by previous investigators (Hutchinson, 
1980, Moench, 1964, and Harrison & Moench, 1961).
A total of six minor oblique sets were defined (Table
5-2). No genetic significance could be attributed to the 
first two and most dominant of these sets. Genetic inter­
pretations for the remaining four were questionable at best.
The overall significance of the strike fracture sets is
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questionable because they made up less than 1/2% of the 
total observations. The dip fractures however, appear to
represent regional longitudinal fracture sets of Laramide 
age. In addition, the second more steeply dipping of these 
sets appears to form a conjugate pair with the dominant 
major oblique set, as previously discussed above.
The intersection of the 16 fracture planes plotted on
Figure 5-1 represent potential lineations. These have been 
plotted on another equiangular stereonet (Figure 5-2). In 
addition, the axes of the major lineations observed during 
the geologic mapping (previousl discussed in Section 2.2.2.3 
and summarized on Table 2-3) have also been plotted on 
Figure 5-2. As can be seen from this figure, there is
little correlation between the lines of intersection of the 
various fracture planes and the lineations observed in the 
test area.
5.1.3 Engineering Properties of the ONWI Room Fractures
No attempt was made to combine all four of the ONWI 
Room data sets into one set and perform an additional 
statistical analysis. This is due to the tremendous amount 
of computer memory that would have been required. In addi­
tion, the four data bases do not strictly represent repli­






FIGURE 5-2: Equiangular Stereonet Plot of the Major Regional 
Lineations and the Intersections of the 16 Joint Planes Defined from the Four ONWI Room Data Bases
ER-2453 122
ferent sampling schemes (i.e., different scale of features 
or different exposure orientations) applied to the same 
overall data population. Thus although the following sec­
tions present a number of general statements about the 
engineering properties of the ONWI Room fractures, it should 
be recognized that these conclusions are not based strictly 
on rigorous statistical procedures, but primarily on obser­
vation and interpretation of the results obtained from each 
of the four data bases as presented in the previous chapter.
5.1.3.1 Orientation of the ONWI Room Fracture Set
A summary of the average orientations of the fracture 
sets defined by the clustering of each of the four data 
bases was presented on Table 5-1. In general, the 95% 
confidence estimates of the mean strike of individual frac­
ture sets ranged from 1 to as much as 10 degrees compared to 
a range of only 1 to 5 degrees for the dip estimates. The 
strike and dip values of the various fracture sets are, 
based on histogram plots, best described as normally distri­
buted. In contrast to strike values, dip values tend to 
most closely approximate a normal distribution based on the 
result of the goodness-of-fit testing. In most cases, there 
is no simple linear relation between the strike and dip 
values of an individual fracture set.
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Overall average orientation values for my interpreta­
tion of the system of fractures and subsets were presented
on Table 5-2. It should be cautioned that these overall
averages are only approximate as
o no single statistical evaluation was
performed on the entire population of 
ONWI Room fractures sampled by the four 
data bases,
o multiple interpretations of the system
of fracture sets and subsets are possi­
ble, and
o the fracture sets and subsets defined
(Table 5-2) were not identified by all 
of the four data bases or by even a
single data base (Table 5-1) but rather
are an agglomeration of the various sets 
defined by each of the four analytical
efforts.
In addition, where comparable fracture sets were iden­
tified, statistical testing using the student's t test indi­
cated that there were often significant differences at a 5% 
level, between the mean strike and/or dip values compared. 
These differences arise from a number of factors including:
1. actual variations in the true mean
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values resulting from spatial and/or 
scale dependent variability;
2. misinterpretation of the correspondence 
between the seemingly similar clusters 
defined by the four data bases ; and
3. non-normal distribution of one or both 
of the sample sets compared.
Although the majority of the fracture sets examined dis­
played normal or nearly normal distributions on the histo­
gram plots, in some cases this hypothesis was rejected by 
the Chi-square goodness-of-fit test. This primarily re­
sulted from (1) the placement of extreme values of strike 
and/or dip observations within a fracture set by the 
clustering process, (2) truncation of the tail regions of a 
fracture set population by the clustering process, (3) the
lack of sufficient data values to adequately evaluate the 
distribution of values, or very rarely (4) a slight degree 
of correlation between the strike and dip values suggesting 
that simple univariate analysis may not be appropriate.
Although the combination of corresponding fracture sets 
into single estimates may not be statistically valid, there 
is geologic significance in this approach. Average folia­
tion orientations obtained from one data base are generally 
comparable to foliation orientations obtained from another
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data base regardless of whether they display statistically 
s ign f i cant difference. In addition, it is desirable to 
provide a single summary of the fracture system of the ONWI 
Room to assist other workers at the test site.
5.1.3.2 Persistence and Frequency of the OWNI Room
Fractures
Based on the three detailed (i.e., 10 centimeter or
greater features) data bases alone, the mean trace lengths 
for the various fracture sets range from 20 to 60 cm with 
one exception of 82 cm, and displayed an overall average of 
approximately 40 cm. Fractures exposed in the mining faces 
tended to be somewhat longer. The 95% confidence intervals 
about the mean estimate generally fell within +5 to +10 cm. 
A few exceptions above this 10 cm range did occur however. 
Fracture observations obtained from the large scale mapping 
of the ONWI Room displayed a mean length of approximately 
150 cm +15 cm. However, due to the effect of censoring 
observations less than one meter, these values could not be 
adequately described by any of the four population distri­
butions examined.
Average spacing between members of an individual frac­
ture set ranged from 10-20 cm with an overall range of 3 to
43 cm for the small scale observations. For those fracture 
sets with at least five fracture spacing observations, the
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957o confidence intervals varied from +2 to +9 cm. Average 
fracture spacing observations obtained from the large scale 
observations from the ONWI Room ranged from 29 to 49 cm.
Fracture terminations were dominated by those termina­
ting in rock (approximately 40%), and by those terminating 
against other fractures (approximately 40%). Only 10% of 
the large scale fractures terminated outside the extent of 
the individual exposures indicating that the average length 
values calculated from the observations are reasonable 
estimates. The remainder generally terminated against 
individual blastholes (approximately 5%) or had terminations 
that were obscured due to condition of the exposure (i.e., 
covered in muck, submerged, behind equipment, etc.).
5.1.3.3. Physical Characteristics of the ONWI Room Frac­
tures
In general, the foliation fractures tend to have 
planar-wavy geometries with smooth to moderately rough 
surfaces. Oblique fractures tend to be planar-irregular 
with moderately rough to very rough surfaces. Dip fractures 
tend to be more irregular with generally very rough sur­
faces .
Most of the fractures observed possessed aperatures of 
less than 0.1 mm. The foliation fractures generally posses­
sed the greatest number of fractures (approximately 5% or
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more) above this 0.1 mm aper at ure limit. Fracture observa­
tions from the 13 mining faces (Table 3-17) generally pos­
sessed a larger number of fractures with aperat ures above 
the 0.1 mm limit; in some cases over 50% of the fractures of 
a given set exceeded this limit. These wider aperatures may 
be the result of loose rock that was not removed from the 
face prior to blasting and excavation of successive faces. 
The walls and the large scale fractures of the ONWI Room 
were mapped after excavation was completed ; as much as one 
year later for some sections. Thus, much of the initial 
relaxation of stress around the opening had occurred, 
exposing looser rock, which was subsequently scaled back to 
expose intact rock. For the mining faces only very loose 
rock was scaled off prior to mapping. As such, much of the 
rock mass was loose, particularly along foliation surfaces, 
due to the force of the explosives.
The majority of the fractures exposed in the walls, 
roof, floor and mining faces of the ONWI Room displayed no 
fracture filling, mineralization, or surface alteration. 
Where observed in 20% or more of the fractures of a given 
fracture set, the dominant filling/alterat ion was pyrite 
and/or iron oxides followed by clay and quartz. As would be 
expected, larger fractures (Table 3-8) possessed a greater 
frequency of f illing/alterat ion compared to smaller frac-
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tures (Tables 3-11, 3-14 and 3-17).
5.2 Evaluation of the Large Scale Fracture Data Obtained
from the ONWI Room and the Two Parallel Drifts
Along with the ONWI Room, large scale fractures, that 
is those with trace lengths of approximately one meter or 
more, were also mapped in Miami Tunnel and A-Left Spur. 
Fracture observations were obtained along a 40 meter section 
of each drift, approximately parallel to the 30 meter sec­
tion examined in the ONWI Room, and extending an additional 
10 meters to the southeast.
A total of 785 fractures were evaluated in the three 
large scale data bases from the ONWI Room an the two paral­
lel drifts. Over 90% of the fractures can be grouped into 
three general fracture sets ; (1) foliation fractures ; (2)
major oblique fractures ; and (3) minor oblique fractures.
The remaining fractures, approximately 8%, belong to two 
poorly defined, infrequent minor oblique fracture sets, and 
two very infrequent minor dip fracture sets. Tables 5-3 and 
5-4 present a summary of these fracture sets and their
various subsets defined by the clustering of the three large
scale data bases. Many of the same cautions expressed in 
the evaluation of the four ONWI Room data bases also apply 
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TABLE 5-4. SUMMARY OF AVERAGE ORIENTATIONS 
OF LARGE SCALE FRACTURES IN 







Foliation Average (330) (42%) N59E, 83NW
Foliation Set 1 217 28% N50E, 86NW
Foliation Set 2 28 4% N74E, 83SE
Foliation Set 3 85 11% N76E, 74NW
Maior Oblique Average (272) (35%) N53W, 89NE
Major Oblique Set 1 137 17% N48W, 80SW
Major Oblique Set 2 108 14% N64W, 78NE
Major Oblique Set 3 27 3% N40W, 76NE
Minor Oblique Set 1 124 16% N42E, 50SE
Minor Oblique Set 2 19 2% N73W, 34NE










5.2.1 Large Scale Foliation Fractures
The most frequently occur ing fractures (42%) were the 
foliation fractures which have an arithmetic average value 
of N59E 83NW. These also tended to display the greatest 
variations in average orientation as defined by the three 
data sets (Table 5-3). The most obvious contrast is between 
the average foliation orientation of the Miami tunnel data 
compared to the other two data bases. The foliation frac­
tures in this drift dip predominantly to the southeast 
compared to the predominantly northwest dip of those in the 
other two drifts. This is due to the fact that Miami tunnel 
contains extensive sections dominated by younger Precambrian 
folds. The average foliation fracture orientations summari­
zed on Table 5-3 generally correspond well with the folia­
tion set maxima displayed on the stereonet contour plots 
(Figures 4-4, 4-17 and 4-19) .
Three distinct sets of foliation fractures (Table 5-3) 
were defined by each of the three data bases. The first set 
consisted of fractures parallel to gneissic banding and 
axial planae fractures associated with younger Precambrian 
folds. The average value for this set ranged from N46E/78NW 
in A-Left Spur to N56E/83NW in the ONWI Room to N51E/85SE in 
Miami Tunnel. The statistical average of these three esti­
mates was N50E/86NW. In one case, A-Left Spur, this set was
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divided into distinct subsets.
The second foliation set defined by the three data 
bases has an average value of N74E/83SE. This set is ori­
ented parallel to the gneissosity of the southeast dipping 
limbs of the younger Precambr ian folds. The average ori­
entât ion of this subset was very consistent between the 
three drifts (Table 3-26).
The third foliation set defined by all three of the 
data bases had an average orientation of N76E/74NE, parallel 
to the regional fabric; that is parallel to the orientation 
of the major shear zone located along A-Left drift, the 
northern boundary of the study area. This set was most 
dominant in the ONWI Room. This set also showed very little 
variation between the ONWI Room and the two adjacent drifts. 
Clustering of both the ONWI Room and A-Left Spur data bases 
resulted in division of this subset into two subsets (Table 
3-26). Both of these subsets had the same approximate dip 
70-74NW, but varied in strike by 10°, from approximately 
N72E to N83E. The more easterly subset was further divdied 
into two additional subsets, one steeply (74°) dipping and 
the other less steep (62°). Due to the small number of 
observations in these two subsets, and the fact that they 
were not identified by the clustering of the other two data 
bases, it is doubtful these additional subsets are meaning-
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fui.
In summary, the foliation fractures consisted of three 
distinct sets oriented on the average N50E/86NW, N74E/83SE, 
and N76E/74NW. The first of these subsets displayed signi­
ficant variation about the mean value obtained from the 
three data sets whereas the other two displayed relatively 
consistent orientations.
The physical properties of the foliation fractures were 
generally uniform between the three drifts. The mean trace 
length of these fractures is approximately 155 cm. The 
frequency of the trace lengths is best approximated by a 
log-normal probability distribution. However, these values 
were not always systematically distributed due to truncation 
resulting from censoring values below approximately one 
meter. Average spacing between the various foliation frac­
tures was estimated at approximately 60 cm ranging from 40 
to 90 cm. These values are also best described by a log­
normal distribution.
They are generally planar-wavy to wavy with rough- 
smooth to rough surfaces. The majority of the foliation 
fractures possess aperature openings less than 0.1 mm wide. 
Between 10% and 20% of the fractures exceeded this lower 
limit with the ONWI Room displaying the lowest frequency of 
open fractures. Iron oxide and/or pyrite filling dominated
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followed by unfilled fractures.
5.2.2 Large Scale Major Oblique Fractures
The major oblique fractures occurred nearly as fre­
quently (35%) as the foliation fractures. Their average 
orientation ws N53W/89NE; however, similar to the foliation 
fractures, the major oblique fractures were partitioned into 
three distinct sets (Table 3-26). The most dominant set, 
oriented N48W/80SW, is interpreted as cross fractures to 
older Precambr ian fold axes . These fractures displayed 
similar average orientations between A-Left Spur and Miami 
Tunnel. However, this set displayed a more northerly strike 
and steeper dip in the ONWI Room.
The second major oblique set possessed an average 
orientation of N64W/78NE. This set is interpreted as a 
possible diagonal fracture to the younger Precambrian folds. 
These fractures displayed similar orientations between the 
three parallel drifts; however, similar to the previous set, 
this set tended to dip moore steeply in the vicinity of the 
ONWI Room (Table 5-3).
The third major oblique set, average orientation of 
N40W/76NE, was only defined by the clustering of the A-left 
Spur and ONWI Room data bases. It was best defined by the 
A-Left Spur data. This fracture set is interpreted as cross
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fractures to the younger Precambrian folds similar to the 
previous set.
The physical properties of the major oblique fractures 
are also very consistent between the three drifts. The 
average trace length for these fractures was 140 cm and the 
average spacing 50 cm. These values were generally normally 
distributed; however, truncation of the length values below 
one meter tended to invalidate this approximation. These 
fractures are consistently planar to planar-irregular with 
rough to very rough surfaces. They are generally tight with 
no filling or minor iron oxides.
5.2.3 Large Scale Minor Oblique Fractures
The third dominant fracture orientation, defined by all 
three of the data sets, was that of a minor oblique set 
oriented N42E/50SE on the average. In some cases this set 
was oriented parallel to the gneissic structure and were 
therefore interpreted as strike fractures. No genetic 
significance could be attributed to this orientation. The 
only major variation in orientation betwen the drifts was a 
lower average dip for these fractures in the Miami Tunnel 
(Table 5-3). Subsets to this fracture set were identified 
from both the A-Left Spur and the ONWI Room data; however, 
they do not appear to be significant.
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The minor oblique fractures generally displayed vari­
able geometries with rough surfaces and tight aperatures. 
Their average trace length was approximately 130 cm and they 
displayed an average spacing of 35 cm. Pyrite and iron 
oxides were common in these fractures.
5.2.2 Other Large Scale Fractures
The remaining 1-1/2% of the large fractures were con­
tained in four additional poorly defined fracture sets. The 
average orientations for these fracture sets are presented 
on Table 5-3. None of these fracture sets include more than 
2-1/2% of the 785 large scale fractures identified in the 
three parallel drifts.
5.2.5 Summary of Large Scale Fracture Sets
Based on the results of this analysis, the large scale 
fractures of the test area are dominated by three major 
sets ; near vertical foliation fractures, vertical major 
oblique fractures, and moderately steeply dipping minor 
oblique fractures. These three sets have average
orientations of N59E/83NW, N53W/89NE and N42E/50SE
respectively.
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6.0 CONCLUSIONS AND RECOMMENDATIONS
As stated previously, the goals of this investigation 
were to
1. evaluate methods of data collection, analysis 
and presentation of fracture data,
2. evaluate the geometric continuity and physi­
cal characteristics of the fractures in the 
test site area,
3. construct a statistical predictive model of 
geometric continuity of these fractures, 
develop techniques for expressing and mani­
pulating the structural data input into these 
models, and provide input on the data and 
techniques required by ONWI for evaluating 
potential repository sites, and
4. provide information on the structural fea­
tures of the site for other investigators 
working at the facility.
This section presents an evaluation of the investigation in 
terms of these four objectives and presents recommendations 
for additional work and methods of improving the procedures 
used in this investigation.
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6.1 Evaluation of Data Collection, Analysis and Presenta­
tion Methodology
6.1.1 Data Collection
Collection of data was achieved using standard geologic 
field techniques. In general, the procedures used were more 
than adequate and usually provided reliable data. Some 
improvements could be made to expedite data collection and a 
few are recommended for increasing the quality of the data. 
These include a general recommendation on the scale of the 
features examined and several detailed recommendations on 
the methods used to obtain data on the engineering proper­
ties of the fractures.
6.1.1.1 Mapping Procedures
Two scales of features were examined during this in­
vestigation, large scale fractures approximately one meter 
or more in length and small scale fractures approximately 
ten centimeters or more in length. In general, the large 
scale mapping provided all of the information necessary for 
an engineering, that is rock mechanics, evaluation of the 
facility. Major zones or planes of weakness, increased 
permeability and potential stress relief were defined ade­
quately by the large scale data.
Little additional engineering data was gained by per­
forming the rigorous detailed mapping, and this mapping
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required significantly more (approximately five times) 
effort to complete. Detailed mapping did provide more 
information on the less frequently occuring fracture sets, 
and as such did enhance the geologic interpretation of the 
fracture data. However, even with the detailed mapping, 
these less frequently occuring sets and subsets still con­
tained an insufficient number of values to allow for rigor­
ous statistical analysis or definition of the same minor 
sets and subsets by each of the four data bases. The only 
obvious advantage was in providing a more accurate estimate 
of fracture trace lengths and fracture spacings. As indi­
cated by the statistical analysis of both types of data, the 
average fracture trace length was significantly less than 
one meter. In general, average trace lengths and spacing 
values obtained from the detailed data bases were approxi­
mately 1/3 and 1/2, respectively, of those obtained from the 
large scale data.
Therefore, as a result of this study, it is recommended 
that future studies concentrate on characterizing the large 
scale fractures. Once this characterization is completed, 
the length and spacings of each defined fracture set can be 
defined by a subsequent field evaluation.
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6.1.1.2 Characterization of the Engineering Properties of 
Fr act ur es
No modifications to the methods for fracture identifi­
cation or location are believed necessary. The methods used 
to survey the location of each fracture and to develop the 
field maps were more than satisfactory. It is recommended 
that future surveys continue to use these methods.
Several suggestions are offered which may improve the 
methods used in defining fracture orientations. Although 
use of a Brunton-type compass for obtaining strikes and dips 
is a standard geolojzic technique, use of an electronic 
digital-type compass and inclinometer would have allowed for 
improved data accuracy. A number of fractures, particularly 
those in the roof, the upper portions of the walls, beneath 
overhangs, and around structures, were extremely difficult 
to. This is due to the fact that the observer's head and 
eyes must be positioned vertically over or under the Brunton 
to obtain a measurement. This was not always possible, and, 
when the observer is on a ladder, it could be potentially 
unsafe.
Digital electronic equipment with remote readout would 
be more efficient and, in addition, such equipment could 
promote improved data accuracy. Fractures with complex geo­
metries resulting in variably oriented surfaces required 
multiple orientation observations to obtain a representative
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average orientation. This practice could easily be extended 
to every fracture with the use of remote readout equipment. 
The variance associated with individual fracture orienta­
tions could easily be estimated also. Digital remote read­
out equipment also has the potential to bypass the cumber­
some data coding, computer entry, and associated labor 
demands because such data could be directly input into a 
data logger, an electronic field notebook. Fracture loca­
tion, identification number, trace length, spacing, and 
aperature observations could be input by the field assistant 
through a keyboard on the logger. Fracture type, physical 
properties, such as fillings, geometry and surface could be 
coded at the time of data collection and then input or input 
as alphanumerical data using the full description, abbrevi­
ations, or initials (i.e., planar-irregular, pi-irr, or p-i) 
and converted to numeric codes by the data logger, if neces­
sary. It is therefore recommended that fracture studies of 
this type use digital readout equipment coupled to an appro­
priate data logger.
Classification of fracture types according to the 
scheme outlined by Billings (1972, pp. 145-146 and Figure 
7-4) was relatively simple and straightforward. This infor­
mation proved useful in separating foliation fractures 
oriented oblique to the gnei ss ic structure (i.e., axial
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plane foliation) from foliation parallel to the gneissosity 
(i.e., metamorphic foliation). The only caution in using 
this variable is to recognize that in some cases fractures 
with nearly parallel orientations could be classified dif­
ferently (i.e., dip or oblique, foliation or strike or 
oblique) depending on their relation to the local gneiss ic 
structure. The use of the fracture classification method 
proposed by Billings (1972) is thus recommended.
Trace length and spacing observations were obtained 
through the use of a metric steel tape measure. This 
appears to be highly satisfactory; however, some improve­
ments could be made on what is recorded. In addition to 
recording the maximum trace length, it may be extremely 
useful to record this value along with the strike length and 
the dip length. This would allow for an evaluation of the 
anisotropy of the fracture plane itself. It is recommended 
that future studies record both the strike length and dip 
length whenever possible.
Spacing observations were the most difficult of all the 
variables to obtain, interpret and utilize. Due to the low 
overall persistence, determination of whether two parallel 
fractures truly overlapped in space was difficult. Where 
there was doubt, spacing observations were always obtained 
due to the assumption that underestimating fracture spacing
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was more desirable than overestimating fracture spacing.
^ Even after data analysis, it was still difficult to obtain a 
three-dimensional portrayal of fracture occurrences.
Improvements in the overall accuracy of the spacing 
estimates could be achieved a number of ways. Recording 
three-dimensional coordinates for the perceived centerpoint 
of each fracture along with a measurement of the radial 
continuity (i.e., strike length and dip length) of each 
fracture outward from this inferred point would allow for a 
three-dimensional characterization of fracture distribution. 
Then based on geometric relations, spacing between parallel 
fractures would not necessarily have to be determined in the 
field but could be calculated from the location data for 
those pairs of parallel fractures that overlap in space.
Alternatively, spacing observations could be obtained 
after an evaluation of the orientation data has been per­
formed. Then the variance of the orientation values for 
each fracture set could be considered when obtaining spacing 
observations, and the observer would not be limited to only 
those pairs of fractures with orientation values within 10° 
of each other or some other arbitrary limit. These data 
could also be obtained by making measurements along line 
exposures, for which the mathematical theory is somewhat 
better understood, rather than planar exposures. The pro-
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blem with both of these suggestions is that the spacing 
values become intimately tied to the efficiency of the 
clustering process. It is thus recommended that spacing 
data be collected during a supplementary field effort after 
preliminary data analysis has been performed and the system 
of fracture sets and subsets has been defined.
Fracture terminations presented a problem, albeit an 
^unnecessary one, for this investigation. An attempt was 
made to determine not only the nature of the termination 
but, in the case of terminations against other fractures, 
the exact fracture upon which this termination occurred. 
Through the use of fracture identification numbers, an 
attemnt was made to keep track of individual terminations 
throughout the data acquisition, data entry and data 
verification phases.
This resulted in a rather cumbersome amount of data for 
what should have been a rather simple and straightforward 
variable and thus reduced the overall progress of these 
three data manipulation phases. A s a  result, this variable 
was subsequently dropped from the computerized data bases. 
A more efficient way of handling this information would have 
been to simply classify the nature of the termination in the 
field and to evaluate the frequency of occurrence of each 
termination type similar to the filling/alterat ion data.
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It is thus recommended that description of fracture 
terminations be limited to four basic types ; against other 
fractures in rock, beyond the limits of the drifts, or 
against blast holes. If more sophisticated termination data 
is desired, it can be obtained during the supplementary
field effort mentioned above.
As the physical properties (i.e., geometry, surface
roughness type, aperature and filling/alter at ion) were 
relatively uniform through the test area, it would have been 
very beneficial to drop these variables from the initial 
mapping program. It would have been better to obtain orien­
tation observations, lengths, and possibly spacing values 
first, and to perform the first phase of the analysis, the 
definition of the fracture clusters. Once the individual 
fracture sets were identified, data on the geometry and 
surface of the fracture planes could be obtained through 
more quantitative means.
Each fracture set could have been examined individually 
by more precise techniques such as those outlined by Barton 
(1973) and Patton (1966) . These techniques can result in 
direct estimates of the shear strength of individual rock 
fractures. The fracture aperatures and f i11ings/alterat ions 
could also be evaluated at this time, using the procedures 
discussed in this report. It is recommended that fracture
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geometries, surface roughness types, aperatures, and 
fillings/alterat ions be described during a supplementary 
field effort performed after the system of fracture sets and 
subsets has been defined.
The above recommendations can now be summarized. It 
may be extremely helpful to perform the large scale mapping 
and subsequent data analysis first. This allows for the 
individual fracture sets to be identified according to their 
orientations, and then their physical properties could be 
evaluated for each fracture set separately using more 
precise techniques. Detailed mapping, if performed at all, 
could be done on a spot basis, possibly using random 
sampling techniques, to confirm whether other fracture sets 
exist, whether the average trace lengths are less than one 
meter, etc. Physical properties could also be evaluated in 
detail during this phase. This may result in a reduction in 
the massive effort required to identify and describe nearly 
every fracture in the ONWI Room.
6.1.2 Data Analysis
With a great deal of effort, a series of existing 
computer programs were identified, converted, and made 
operational and additional new programs were written so that 
a system of programs enabling nearly totally automated data
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analysis was developed. This allowed us to overcome one of 
the maior hurdles in the investigation, that of converting 
what had previously been only geologic field observations 
into quantitative data bases.
No mai or modifications are recommended for the program 
CNVRT 2. The only improvement suggested is to change the 
program from using interactive commands to control cards or 
files. Although the interactive nature of the program was 
initially desirable to make the program more useful to 
others, the delays during data processing, resulting from 
this interaction were significant. Individual workers may 
find it more efficient and less frustrating to make use of 
control files and batch processing.
No recommendations are made for the stereonet program 
FABRIC (Toucher, 1978a and 1978b) and CONFAB (Toucher,
1979). As discussed below, these programs, once made opera­
tional on the DEC 10 System, were superlative.
Numerous modifications can be suggested for the program 
FRACTAN (Shanley and Mahtab, 1975). First and foremost, it 
would be extremely desirable to have the program generate 
and plot the entire optimization curve prior to developing 
plots and statistical data of each fracture set. Normally, 
this program required 1/2 to 1 minute of central processing 
unit time for each run. With 15 to 25 runs required to
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generate the optimization curve, it could take the better 
part of a day iust to generate the values for the curve. 
The author was then left sifting through a 12 to 24 inch 
thick stack of computer output for only 15 to 25 pairs of 
values. These values of the objective function and scanning 
circle size then had to be graphically plotted and evaluated 
to determine the optimum clustering(s). If the program were 
modified to calculate these values and possibly plot the 
curve directly, a vast amount of output could be deleted 
altogether.
The second recommendation for the program FRACTAN is 
to: use the program on a computer capable of handling the
spherical normal Chi-Square test. Months were spent attemp­
ting to convert this portion of the program to the DEC 
System. It was determined that the numerical requirements 
of this subroutine exceeded the capabilities of the avail­
able computing facilities. Independent, single variable 
Chi- Square tests of normality of strike and dip values were 
substituted. Although the assumption that the strike and 
dip values are independent was generally supported by the 
calculated correlation coefficients, coefficients between 
0.5 and 0.75 were not uncommon. As such, the spherical Chi- 
Square test of normality would have been more appropriate.
The third recommendation for modification to the
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FRACTAN program is to allow for some manipulation of the 
clustering process by the program user. For example, once 
the program has identified the optimum clustering and once 
the preliminary statistical evaluation has been completed, 
it would be helpful if extreme or anomolous data values 
could be readily identified and segregated from the data 
set. These random fractures, resulting from blasting, 
heterogeniety in the rock mass, incorrect measurements, 
etc., could then be evaluated separately. This would possi­
bly allow for more efficient clusterings, that is closer 
partitioning of the various sets and subsets between the 
data bases. It would certainly improve the overall "normal­
ity of the population distribution" increasing the effec­
tiveness of the statistical testing and estimation process.
There are several disadvantages to this approach. 
First, removal of the random fractures may modify the clus­
tering results. As such it may be necessary to re-partition 
the data a second time with the program FRACTAN. In addi­
tion, definition of a "random" fracture is somewhat arbi­
trary and could introduce additional variation into the 
evaluation process. This goes against one of our other 
goals which was to provide quick and efficient automated 
data processing.
No modifications are recommended for the program STAT
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other than to separate it from the program FRACTAN and run 
it independently. This would again serve to reduce both the 
personnel and computer time required to perform the analysis 
and the volume of output the investigator has to review.
Only minimal improvements are recommended for the 
program JTSTAT. First, the recommendations from the pre­
vious section (i.e., measuring strike length and dip length 
along with maximum trace length) would have to be incor­
porated. In addition, a subroutine for handling the fre­
quency of occurrence data for the four basic termination 
types needs to be added. Finally, the program should be 
modified to allow for deletion of anomalous fracture or data 
observations, and simple recalculation of the various fre­
quency summaries, population distribution estimates, and 
statistical tests.
Finally, a number of general recommendations about the 
data analysis process can be made. First, none of the 
techniques examined or the methods utilized were capable of 
differentiating overlapping fracture sets; that is similar 
sets or subsets with different mean values, but partially 
overlapping population distributions. For instance, the 
foliation and major oblique fractures each consisted of 
several subsets which were not uniformly partitioned for 
each of the data bases. Thus, some of the statistical
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differences identified between the various estimates may be 
the result of the way the individual frequency maxima were 
separated, if they were at all. Similarly, minor poorly 
defined fracture sets, located adjacent to the maxima for 
the more dominant sets, may, or may not, have been included 
with the more dominant sets by the clustering process. This 
tended to distort the statistical comparison of the mean 
estimates produced by the various data sets. These effects 
could possibly be corrected by using an expanded multi­
variate clustering process that may take some or all of the 
physical properties into account during the clustering 
process. Alternatively, as suggested previously, the parti­
tioning process should be modified to allow for input of 
operator defined, arbitrary limits on the range of strike 
and dip values. This may resolve some of the problems of 
clustering variation interfering with statistical compari­
sons .
6.1.3 Data Presentation
Stereonet contour plots of the frequency of fracture 
orientations are undoubtedly the best overall way to display 
fracture orientations. The only major problem is that 
workers who are unfamiliar with these diagrams may find them 
difficult, if not impossible, to interpret . Construction of
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summary tables, such as those contained in this report, is 
an acceptable, if somewhat time-consuming, alternative to 
stereonets.
The programs FABRIC and CONFAB that were used in this 
eyalut ion were, beyond a doubt, the best of the available 
published stereonet generations programs. No modifications 
to these programs are recommended at this time.
Use of plates to display fracture data was found to be 
extremely time consuming and, as you the reader may have 
noticed, extremely cumbersome. In addition, use of colors 
rather than alphanumeric codes for fracture fillings and 
1itholog ies added significantly to the time required for 
report preparation. Production of additional copies is 
limited by the fact that each plate must be hand colored.
Use of histograms and frequency plots and tabulations 
to describe the distribution of many of the individual 
variables was extremely helpful during data analysis. 
Although it was originally intended that each of the stereo­
nets, histograms, and plots utilized would be included in 
the report, the vast number of plots that were eventually 
evaluated, well over 600, made this impractical. As an 
alternative, this information was condensed down into gen­
eral statements in the text. Although this was a workable 
substitute, it was still not perfect in that valuable infor­
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mat ion, which had been maintained through the data collec­
tion and analyses phases, was condensed down and never 
presented to the reader.
The final comment on data presentation is to note that, 
although a tremendous amount of data was collected, and 
rigorous analytical techniques were utilized, the overall 
variability of thedata still prevented construction of a 
three-dimensional visual model. This is discussed further 
in Section 6.3 below.
6.2 Evaluation of the Geometric Continuity and Physical 
Characteristics of the Exposed Fractures
The second objective of this investigation was to 
evaluate the geometric continuity and physical character­
istics of the fractures exposed in the study area.
6.2.1 Evaluation of Geometric Continuity
In general the same three dominant fracture sets were 
identified by all six data bases. These were the foliation 
fractures, the major oblique fractures, and the dominant set 
of minor oblique fractures. All three of these fracture 
sets were consistently defined throughout the study area. 
However, based on t-test comparisons, their average strikes 
and dips varied significantly. In addition, the exact 
nature of the subsets to these sets, along with the average
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orientations of these subsets, also varied. Finally, there 
was no consistency in the definition, number, or nature of 
the various minor sets identified by the six data bases.
Although some of the differences result from the spa­
tial variation of the orientation processes, several other 
factors also contribute to the variation between the data 
bases. Most of these differences arise from variations in 
the clustering process. These included:
1. whether a single set is defined or the set is 
divided into subsets;
2. the nature and number of subsets that are 
defined;
3. whether minor, poorly defined fracture sets 
with slightly different orientations are 
included or excluded from the fracture set of 
interest ;
4. the number and distribution of any random 
fractures included with the fracture set of 
interest; and
5. how overlapping fracture set distributions 
are separated.
All of these factors contribute to the observed differences 
between the various mean estimates. Although the differen­
ces arising from the clustering process made it difficult,
ER-2453 155
an attempt was made to explain these variations solely as a 
function of geologic structure. This was done in three 
ways .
First, through the use of stereonets, possible axes of 
rotation were examined to find any that could explain the 
variations in the orientations of the main fracture sets de­
fined by the three large scale data bases. Although dif­
ferences between the average foliation orientations and the 
average minor oblique set or ient iat ions obtained from the 
A-Left Spur and ONWI Room could be resolved this way, varia­
tions between the major oblique orientations defined by 
these two sets and variations between the average orienta­
tions defined by the Miami Tunnel data and these two data 
bases could not be explained this way.
Second, stereonet plots were made of the planes and the 
poles to the planes for each of the fracture sets defined by 
each of the data bases. These planes and poles were then 
examined in terms of possible axes of rotation and/or planes 
of symmetry that may prove helpful in explaining the varia­
tions in fracture orientations. Due to the large number of 
potential combinations produced by this technique, it did 
not prove helpful in explaining the observed variations.
Third, differences between the average orientations of 
the three dominant fracture sets were also examined in terms
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of the younger Precambrian folds, the dominant structural 
element in the study area. Moench (1964) and Moench, et al. 
(1962) have previously discussed the effects of the super im­
posed Precambr ian structural trends. These authors have 
previously explained the effect of position along a fold and 
variations in the amount of lift on the orientations of the 
various 1ineat ions and structual planes in the area. This 
did not prove effective, principally because the existing 
data consists merely of three estimates or three points and 
there are a wide variety of fold configurations and combina­
tions that could possibly explain these conditions.
The most simple explanation is that a younger Pre- 
cambrian fold or folds dominates the Miami Tunnel area. 
This fold may be the same fold as that exposed near the back 
of the ONWI Room (Plates I, II and III). The dominance of 
this structure in Miami Tunnel may be due to the more
notherly trend of the structure in relation to the line
normal to the ONWI Room and the two parallel drifts, re­
sulting in a greater section of the fold being exposed in 
Miami Tunnel. Alternatively, it may be due to increased
structural lift along the fold in the vicinity of Miami 
Tunnel.
Although the younger Precambrian folding can provide an 
explanation of the differences between the Miami tunnel
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foliation fractures and those of the other two drifts, it
does not offer a ready explanation of the difference in the 
average strike of the foliation surfaces. In addition, this 
folding cannot explain the difference in average strike of 
the foliation surfaces and yet exact same average dip evi­
denced betweeen the ONWI Room and A-Left Spur data.
In summary, although there was continuity in the frac­
turing observed in the three main drifts, in that they each 
were dominated by three main fracture sets (foliation, major 
oblique and minor oblique) there was no obvious continuity 
in the orientations of these three sets throughout the test 
area. In addition, the variations in these average orienta­
tions could not be readily explained. They could be due all 
or in part to any number of factors, including :
1. variations arising from the clustering 
process ;
2. variations due to a single dominant stucture, 
a younger Precambrian fold cutting transverse 
across the study area ;
3. variations associated with a few dominant 
fold axes throughout the study ; and
4. variations associated with a large number of 
smaller folds, warps, crinkles throughout the 
study area ; or
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5. other heterogeneit ites in the rock mass 
and/or geologic structure.
6.2.2 Evaluation of Physical Properties
The physical properties of the main fractures appear to 
be very uniform throughout the study area. All of the 
fractures tend to have generally planar but highly 
undulatory and/or irregular geometries with rough surfaces, 
all indicative of fractures with high shear strength. They 
all displayed average trace lengths and average spacings of 
less than one meter. They generally possess aperatures of 
less than 0.1 mm and usually contain no filling. Those 
fractures that do display mineral filling or alteration are 
dominated by iron oxides, iron hydroxides, and/or pyrite.
j/ 6.3 Construction of a Statistical Predictive Model
The third objective of this investigation was to con­
struct a statistical predictive model of the geometric 
continuity of these fractures. This was the only objective 
that could not be readily achieved by the investigation.
If there were little or no variation in the average 
orientations of these sets; an overall mean, standard devi­
ation, and confidence limits would have been calculated for 
each of the dominant sets. Alternatively, had there been a
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single dominant structure that could explain the variations 
in the average orientation, a linear model or more complex 
polynomial model made have been developed to estimate the 
orientations of the various fracture sets throughout the 
study area.
If several dominant structures were responsible for the 
variations in the average fracture orientations, it was 
hoped that field mapping would provide input on the various 
blocks defined by these structures and that the variations 
in fracture observations could be explained on the basis of 
interblock and intrablock variations. Finally, if the rock 
mass were dominated by a large number of both large and 
small scale features, it was hoped that the multiple esti­
mates of the average orientations obtained from the various 
data bases would be adequate to explain these variations.
None of these approaches proved satisfactory. It 
appears that the rock mass is dominated by all of these 
sources of variance. The only other possible approach that 
may be recommended would be to first institute the modifica­
tions to the clustering process to remove as much of this 
source of variance as possible, then to attempt to remove 
variations associated with large folds in the study area. 
This could be done during data acquisition by separating the 
fractures found in southeast dipping limbs of the younger
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folds and treating the northwest limbs and southeast limbs 
as separate structural regimes. Then the remaining frac­
tures could be divided into multiple data sets, based on 
location, and numerous independent average orientation 
estimates could be developed.
These data sets could then be compared and/or combined 
to determine the overall average orientation and the vari­
ance and reliability associated with this estimate. In 
essence, although not "statistically correct," Tables 5-2 
and 5-4 were attempts to do this. They are not truly 
correct, because the t-tests indicated there were signifi­
cant differences in the mean values obtained from the vari­
ous data bases. Therefore, it may not be exactly correct to 
combine the estimates derived from each of the data bases 
into single overall averages. However if, as the author be­
lieves, the rock mass of the study area is dominated by a 
large number of independent structural regimes, this may be 
the best estimate of the most probable average orientations. 
This theory could be evaluated by further subdividing the 
six data bases into a greater number of smaller data sets, 
developing independent average fracture orientations for 
each data set, and comparing and possibly combining each of 
these estimates.
In summary, although development of a statistical
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predictive model of fracture orientations was one of the 
objectives of this investigation, t-tests indicated there 
were significant differences in the average estimates ob­
tained from the various data sets. These differences could 
not be readily explained in terms of geologic structure or 
spatial location, and thus a detailed predictive model could 
not be developed.
A more general type of model may be possible. Based on
the fact that all of the data sets were dominated by a
foliation fracture set, a major oblique set, and a minor
oblique set, a model can be developed using only these three
sets. The most simplistic model is developed using only the 
large scale fracture data from the ONWI Room. Using the 
results of 1.444% scanning circle clustering effort, the 
fracture system can be defined solely by the three main 
sets, foliation, major oblique, and minor oblique. Using 
the average strikes, dips, trace lengths, and spacings for 
these three fracture sets, a block diagram can be drawn of 
the fracture system. This results in the definition of a 
unit prism which can be input into a rock mass deformational 
analysis (Goodman, 1976). Variations in the average orien­
tation, trace length and spacing could be considered by 
performing sensitivity analyses over the 95% confidence 
intervals for these parameters. More sophisticated rock
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mass models could be developed by considering the effects of 
the various subsets and the variations defined by the vari­
ous data sets using Monte Carlo theory or some other model 
simulator to predict the various fracture and block confi­
gurations. Multiple deformation analyses could then be 
performed using the various simulations.
The second part of the third objective of this investi­
gation was to develop techniques for expressing and mani­
pulating the structural data and provide input on the data 
and techniques required by ONWI for evaluating potential 
repository sites. The methods proposed in this report 
present an integrated technique for developing quantitative 
estimates of rock fracture properties. Although some modi­
fications have been recommended in this report, and future 
workers will undoubtedly recommend other modifications, it 
is felt that the techniques outlined in this report repre­
sent the best available procedures for fracture characteri­
zations at ONWI sites. Unlike the qualitative results 
denied from classical geologic methodologies, such as stere- 
onets and geologic maps, the quantitative results of this 
investigation can be directly input into statistical models, 
deformation analyses and risk assessments. In addition, the 
procedures used and data derived from this investigation can 
be subjected to the rigorous quality assurance-quality
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control evaluations that will be required a site 
char acter izat ion of a nuclear repository. It is thus 
recommended that the procedures and data format utilized in 
this investigation be strongly considered for use in future 
site character izat ions of nuclear repositories in crystal­
line rocks.
6.4 Provision of Information on Structural Features at the
Site
The fourth and final objective of this investigation 
was to provide information on the structural features of the 
test site to other investigators working in the area. This 
objective is achieved through production of this report and 
the companion ONWI document.
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